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NOTE 


ON   THE   ISSUE   OF   THE 


EOTHAMSTBD   MEMOIRS. 


The  exceptional  value  of  the  long  series  of  Experiments  con- 
ducted at  Rothamsted  by  Sir  John  Bennet  Lawes,  Bart., 
D.C.L.,  LL.D.,  F.R.S.,  with  the  co-operation  of  Sir  J.  Henry 
Gilbert,  Sc.D.,  LL.D.,  F.R.S.,  induced  the  Board  of  Agriculture 
in  1893  to  obtain  the  sanction  of  Her  Majesty's  Treasury  to  the 
reproduction  and  issue,  in  a  form  suitable  for  permanent 
preservation,  of  a  limited  number  of  complete  sets  of  the 
numerous  reports  and  papers  published  since  1843,  recording 
the  results  of  the  Rothamsted  investigations.  In  the  belief 
that  the  information  embodied  in  the  Rothamsted  Memoirs  could 
not  fail  to  be  of  the  most  material  service  to  the  advancement 
of  the  higher  forms  of  instruction  in  agriculture,  the  Board 
are  glad  to  have  been  enabled,  with  the  co-operation  of  Sir 
.John  Lawes,  to  present  copies  of  the  volumes  to  certain 
important  libraries,  including  those  of  various  Agricultural 
Colleges  and  teaching  institutions  in  Great  Britain. 

In  this  way,  sets  of  nine  bound  volumes  of  the  Rothamsted 
Memoirs,  three  quarto  and  six  octavo,  have  been  distributed 
by  the  Board,  and  the  present  further  supplementary  octavo 
volume  (No.  VII.),  containing  the  later  papers  published  by  Sir 
John  Lawes  and  Sir  Henry  Gilbert,  is  issued  in  1899,  completing 
the  series. 
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RESULTS  OF  EXPERIMENTS  AT  ROTHAMSTED,  ON  THE 
QUESTION  OF  THE  FIXATION  OF  FREE  NITROGEN. 


INTRODUCTION. 

A  large  portion  of  the  lecture  on  the  conditions  and  results  of 
growth  of  Leguminous  Crops,  which  I  gave  at  the  College  last  year, 
was  devoted  to  the  illustration  of  the  fact,  that  both  the  scientific 
interest,  and  the  practical  value,  of  those  crops,  depended  very  much  on 
the  amount  of  nitrogen  which  they  contain,  and  on  the  sources  of 
their  nitrogen ;  and  especially  on  the  great  differences  in  these  respects, 
between  them  and  the  representatives  of  the  other  families  with  which 
they  are  grown,  either  in  alternation  in  our  rotations,  or  in  association 
in  our  meadows  and  pastures.  I  then  discussed  the  bearing  of  existing 
evidence  on  the  question  of  the  fixation  of  free  nitrogen,  and  concludea 
by  reference  to  some  considerations  and  illustrations  relating  to  the 
question  of  the  sources  of  the  nitrogen  of  crops  generally. 

With  regard  to  the  question  of  the  fixation  of  free  nitrogen,  I 
stated — that  nearly  a  century  ago  it  was  a  matter  of  discussion  whether 
plants  took  up,  or  evolved,  free  nitrogen ;  that  it  was  just  about  half  a 
century  since  Boussingault  commenced  experiments  to  determine 
whether  plants  did  assimilate  free  nitrogen ;  that  from  his  results  he 
concluded  that  they  did  not ;  that  results  obtained  at  Rothamsted, 
about  30  years  ago,  confirmed  those  of  Boussingault ;  but  that  others 
had  come  to  an  opposite  conclusion. 

During  the  last  few  years,  however,  the  discussion  has  assumed  a 
somewhat  different  aspect.  The  question  still  is  whether  the  free 
nitrogen  of  the  air  is  an  important  source  of  the  nitrogen  of  vegetation ; 
but  whilst  few  now  assume  that  chlorophyllous  plants  directly  assimilate 
free  nitrogen,  it  is  nevertheless  supposed  to  be  brought  under  contri- 
bution in  various  ways ;  coming  into  combination — by  the  agency  of 
electricity,  within  the  soil,  or  within  the  plant ;  or  under  the  infiuence  of 
micro-organisms,  or  of  other  low  forms,  either  within  the  soil  itself,  or 
m  symbiotic  growth  with  a  higher  plant 

The  recent  experiments,  results,  and  conclusions,  of  Berthelot, 
Deh^rain,  Joulie,  Dietzell,  Frank,  Hellriegel  and  Wilfarth,  Emil  von 
Wolff,  and  Atwater,  were  considered  ;  as  also  were  the  later  experi- 
ments of  Boussingault  in  their  bearing  on  an  aspect  of  the  question 
which  has  since  come  into  prominence,  namely,  that  of  the  fixation  of 
free  nitrogen  within  the  soil  under  the  influence  of  lower  organisms.* 

*  For  a  fuller  accoant  of  the  resalts  of  Berthelot,  and  others,  above  referred 
to,  and  for  references  to  their  papers,  see  oar  paper  in  the  "Philosophical 
TraiuMdaoiM,"  VoL  180.  B. 
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It  was  concluded  that,  of  all  the  recent  results  bearing  upon  the 
subject,  those  of  Hellriegel  and  Wilfarth,  with  certain  leguminous 
plants,  were  by  far  the  most  definite  and  significant;  and  I  stated  that 
it  had,  accordingly,  been  decided  to  make  experiments  at  Rothamsted 
on  somewhat  similar  lines.  I  further  stated,  that  a  preliminary  series 
had  been  undertaken  in  1888,  and  a  more  extended  one  in  1889,  and  I 
exhibited  photographs  of  some  of  the  experimentally  grown  plants. 
Some  of  the  numerical  results  have  since  been  published,  and  they  show 
a  considerable  fixation  of  free  nitrogen.  Much,  however,  still  remains 
to  be  done ;  and  many  points  necessary  for  drawing  conclusions  as  to 
the  practical  importance  pf  such  fixation  are  as  yet  unsettled.  The 
subject  is,  in  fact,  being  further  investigated  at  Rothamsted  in  the 
present  year,  1890.  I  have,  nevertheless,  thought  that  enough  was  so 
&r  established,  to  supply  material  of  sufficient  interest  for  the  subject 
of  my  present  lecture  :  and,  accordingly,  I  propose  to  bring  before  you 
to-day — Results  of  Experimsnts  at  Rothamsted  on  the  Question  of  the 
Fixation  of  Free  Nitrogen. 

Before,  however,  describing  the  conditions  and  the  results  of  the 
recent  experiments,  which  do  show  a  fixation  of  free  nitrogen,  it  will 
be  well  to  call  attention  to  those  of  the  earlier  experiments,  which  did 
not  indicate  any  fixation  ;  as  the  well-defined  difference  in  the  conditions 
under  which  such  different  results  were  obtained,  will  bring  clearly  to 
view  what  are  the  conditions  under  which  fixation  does,  and  what  are 
those  under  which  it  does  not,  take  place.  We  shall  thus,  too,  be  the 
better  able  to  form  some  judgment  as  to  the  practical  bearing  of  the 
recent  results. 

THE  EARLIER  EXPERIMENTS,  WHICH  DID  NOT  SHOW  FIXATION 

OF  FREE  NITROGEN. 

I  have  already  stated  that  the  results  and  conclusions  of  Boussin- 
gault  were  against  the  supposition  that  plants  assimilate  the  free 
nitrogen  of  the  atmosphere.  His  numerous  experiments  on  the  subject 
were  commenced  in  1837,  and  were  continued  at  intervals  up  to  1858. 
His  soils  consisted  of  burnt  soil,  washed  and  ignited  pumice,  or  burnt 
brick ;  his  experiments  were  sometimes  in  free  air,  in  a  summer  house, 
sometimes  in  a  closed  vessel  with  limited  air,  sometimes  with  a  current 
of  washed  air,  and  sometimes  in  free  air,  but  under  a  glass  case. 
When  the  plants  were  enclosed,  a  supply  of  carbonic  acid  was 
provided,  and  in  a  few  cases  known  quantities  of  nitre  were  supplied 
as  manure.  In  all,  distilled  water  was  used  for  watering.  Thus,  in  all 
cases  the  substances  he  used  as  soil  were  sterilised ;  in  some  the 
supplied  air  was  washed ;  whilst  in  others  the  plants  grew  in  limited 
air,  or  were  more  or  less  protected.  He  experimented  with  a  great 
vanety  of  plants — wheat,  and  oats,  representing  Graminese ;  clover, 
peas,  haricots,  and  lupins,  as  Leguminosaa;  also  garden  cress  and 
sunflower. 

In  some  of  his  earlier  experiments,  conducted  in  free  air  in  a 
summer  house,  the  Leguminous  plants,  trefoil  and  peas,  did  indicate 
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some  gain  of  nitrogen ;  but  in  all  his  subsecjuent  experiments  there 
was  generally  either  a  slight  loss,  or,  if  a  gam,  it  was  represented  by 
only  fractions,  or  low  units  of  milligrams ;  the  larger  amounts  being 
with  LeguminossB,  in  free  air,  under  a  glazed  case.  After  20  years  of 
Taried  and  laborious  investigation  of  the  subject,  M.  Boussingault 
eoncluded  that  plants  have  not  the  power  of  assimilating  the  free 
nitrogen  of  the  atmosphere. 

Experiments  on  the  subject  were  commenced  at  Rothamsted  in 
1857,  they  were  continued  for  several  years,  and  the  late  Dr.  Pugh  took 
a  prominent  part  in  the  enquiry. 

The  soils  used  were  ignited,  washed,  and  re-ignited  pumice,  or  soil 
The  specially  made  pots  were  ignited  before  use,  and  cooled  over 
salphuric  acid  under  cover.  Each  pot,  with  its  plants,  was  enclosed 
under  a  glass  shade,  which  rested  in  the  groove  of  a  specially  made 
h&rd-baked  glazed  stoneware  lute-vessel,  mercury  being  the  luting 
material.  Under  the  shade,  through  the  mercury,  passed  one  tube  for 
the  admission  of  air,  another  for  its  exit,  and  another  for  the  supply 
of  water  or  solutions  to  the  soil ;  and  there  was  an  outlet  at  the  bottom 
of  the  lute-vessel  for  the  escape  of  the  condensed  water  into  a  bottle 
affixed  for  that  purpose,  from  which  it  could  be  removed  and  returned 
to  the  soil  at  pleasure. 

A  stream  of  water  being  allowed  to  flow  into  a  large  stone-ware 
Woulfs  bottle,  of  more  than  20  gallons  capacity,  air  passed  from  it, 
through  two  small  glass  WoulfiTs  bottles  containing  sulphuric  acid,  then 
through  a  long  tube  filled  with  fragments  of  pumice  saturated  with 
sulphuric  acid,  and  lastly  through  a  Woulffs  bottle  containing  a  saturated 
solution  of  ignited  carbonate  of  soda ;  and,  after  being  sd  washed,  the  air 
entered  the  glass  shade,  from  which  it  passed,  by  the  exit  tube,  through 
an  eight-bulbed  apparatus  containing  sulphuric  acid,  by  which  commu- 
nication with  the  unwashed  external  air  was  prevented.  Carbonic  acid 
was  supplied  as  required  by  adding  a  measured  quantity  of  hydrochloric 
acid  to  a  bottle  containing  fra^ents  of  marble,  the  evolved  gas  passing 
through  one  of  the  bottles  of  sulphuric  acid,  through  the  long  tube, 
and  through  the  carbonate  of  soda  solution,  before  entering  the  shade. 

It  will  be  observed  that,  by  the  arrangement  described,  the  washed 
air  was  forced,  not  aspirated,  through  the  shade,  and  the  pressure  being 
thos  the  greater  within  the  vessel,  the  danger  of  leakage  of  unwashed 
air  from  without  inwards  was  lessened. 

In  1857,  twelve  sets  of  such  apparatus  were  employed;  in  1858  a 
Wger  number,  some  with  larger  lute-vessels,  and  shades;  in  1859  six, 
andm  1860  also  six 

Each  year  the  whole  were  arranged,  side  by  side,  on  stands  of 
brickwork  in  the  open  air,  as  shown  in  the  drawings  of  the  apparatus 
exhibited.  Drawings  of  some  of  the  plants  grown  were  also  exhibited  ; 
and  the  numerical  results  obtained  in  the  experiments  of  1857  and 
1858  are  summarised  in  Table  I. 

The  upper  part  of  the  Table  (I.)  shows  the  results  obtained  in  1857 
and  1858,  in  the  experiments  in  which  no  combined  nitrogen  was 
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supplied  beyond  that  contained  in  the  seed  sown.  The  drawings 
exhibited  showed  how  extremely  restricted  was  the  growth  under 
these  conditions,  and  the  figures  in  the  Table  show  that,  neither  with 
the  6ramine«e,  the  Leguminosse,  nor  the  Polygones  (buckwheat),  was 
there  in  any  case  a  gain  of  three  milligrams  of  nitrogen.  In  most 
cases  there  was  much  less  gain  than  this,  or  a  slight  loss.  There  was, 
in  fact,  nothing  in  the  results  to  lead  to  the  conclusion  that  either  of 
these  different  descriptions  of  plant  had  assimilated  free  nitrogen. 

TABLE  I. 

Sammary  of  the  Results  of  Experiments  made  at  Rothamsted,  in  1867  and  1868,  to 

determine  whether  plants  assimilate  free  Nitrogen. 


Nitrogen,    Grams. 


In  Seed, 

and  Manure 

if  any. 


In 

Plants.  Pot, 

and  Soil. 


Gain 
or 


With  no  combined  Nitboobn  supplied  beyond  that  in  the  seed  sown. 


I 

1857! 

Wheat  ,.     .. 
Barley  ..     .. 
Barley  ..     .. 

00080 
00056 
00056 

00072 
00072 
0-0082 

—  00008 
+  00016 
+  00026 

Oramineee 

*  *  \ 

1 

1858 

Wheat..     .. 
Barley  ..     .. 
Oats      ..     .. 

00078 
00057 
00063 

00081 
00058 
00056 

+  00003 
+  00001 
—  00007 

( 

1868  ( 

Wheat  . .     . . 
Oats      ..     .. 

0-0078 
00064 

00078 
0-0063 

0-0000 
—  0-0001 

i 

1857 

Beans    . .     . . 

00796 

00791 

—  00006 

LegnminoBSd 

1858 

1 

Beans   . .     . . 
Peas      . .     . . 

00760 
00188 

00757 
00167 

+  00007 
—  00021 

Other  Plants 

• . 

1858 

Buckwheat . . 

00200 

00182 

—  0-0018 

With  combined  Nitrogen  supplied  beyond  that  in  the  seed  sown. 


1857 


Oramineee 


Legnminosad 
Other  Plants 


1 


1858 


1858 
A* 

1868 1 

1868 
A* 

1858 


Wheat 
Wheat 
Barley 
Barley 

Wheat 
Barley 
Oats 

Wheat 
Barley 
Oats 

Peas 
Clover 


Beans   .. 
Bnokwheat 


00329 
00329 
00326 
00268 

00548 
00496 
00312 

0-0268 
00257 
00260 

00227 
00712 

0-0711 
0*0308 


00383 
00331 
00328 
0-0337 

00536 
00464 
00216 

0-0274 
00242 
00198 

0-0211 
00665 

0-0666 

00292 


+  00054 
+  0-0002 
+  00002 
+  00069 

—  00012 

—  0  0032 

—  00096 

+  00006 

—  00015 

—  00062 

—  00016 

—  00047 

—  0-0066 

—  0-0016 


•  These  expedmeats  w«re  oondqot^d  in  the  apparatiifl  of  M.  G.  Yille, 
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The  lower  part  of  the  Table  shows  the  results  obtained  in  the 
experiments  in  which  the  plants  were  supplied  with  known  quantitieB 
of  combined  nitrogen,  in  the  form  of  a  solution  of  ammonium-sulphate, 
apph'ed  to  the  soil.  The  drawings  show  very  strikingly  the  effect  of 
this  direct  supply  of  combined  nitrogen,  especially  in  the  case  of  the 
GnmineaB.  The  figures  in  the  Table  show  that  the  actual  gains  or 
losses  of  nitrogen  range  a  little  higher  in  these  experiments,  in  which 
larger  quantities  were  involved;  but  they  are  always  represented  by 
units  of  milligrams  only,  and  the  losses  are  higher  than  the  gains. 
Farther,  the  gains,  such  as  they  are,  are  all  in  the  experiments  with 
the  Graminese,  whilst  there  is  in  each  case  a  loss  with  the  Leguminosse, 
and  with  the  buckwheat.  The  losses,  beyond  such  as  might  be 
expected  from  experimental  error,  are  doubtless  due  to  decay  of 
organic  matter,  fallen  leaves,  &c. 

It  should  be  stated  that  the  growth  was  far  more  healthy  with  the 
GraminesB  than  with  the  Leguminose^,  which  are,  even  in  the  open 
field,  very  susceptible  to  vicissitudes  of  heat  and  moisture,  and  were 
found  to  be  extremely  so  under  the  conditions  of  enclosure  under  glass 
shades.  It  might  be  objected,  therefore,  that  the  negative  results  with 
the  LeguminosflB  are  not  so  conclusive  as  those  with  the  Graminese. 
Nevertheless,  we  concluded,  and  still  conclude,  from  the  results  of  our 
own  experiments,  as  Boussingault  did  from  his,  that  neither  the 
Gramineffi  nor  the  Leguminosffi  assimilate  the  free  nitrogen  of  the  air. 

That,  under  the  conditions  described,  the  Leguminosse,  as  well  as 
the  Gramineffi,  can  take  up  and  assimilate  already  combined  nitrogen 
supplied  to  them,  is  well  illustrated  in  the  experiments  made  in  1860 
with  Leguminosae  alone.  The  series  comprised  three  experiments  with 
white  Haricot  beans — No  1  without  any  other  supply  of  combined 
nitrogen  than  that  in  the  seed.  No.  2  with  a  fixed  quantity  of  nitrogen 
applied  as  ammonium  sulphate,  and  No.  3  with  a  fixed  quantity 
supplied  as  nitrate;  also  3  experiments  with  white  Lupins — No.  1,  as 
with  the  Haricots,  without  artificial  supply  of  combined  nitrogen, 
No.  2  with  supply  as  ammonium-sulphate,  and  No.  3  as  nitrate. 

The  drawings  clearly  showed  that,  with  both  descriptions  of  Legu- 
nunous  plant,  there  was  considerably  increased  growth  by  the  addition 
hoth  of  ammonium  sulphate  and  of  nitrate.  Owing,  however,  to  the 
atmospheric  conditions  within  the  shade,  as  above  referred  to,  the 
plants  lost  both  leaves  and  flowers,  and  hence  the  drawings  do  not 
represent  the  full  growth. 

Such,  then,  were  the  negative  results  obtained  when  plants  were 
g^owll  under  conditions  of  sterilisation  and  of  enclosure.  There  was, 
^der  such  conditions,  no  gain  from  free  nitrogen,  in  the  growth  of 
either  Graminese,  Leguminosae,  or  other  plants. 

WCCKNT  EXPERIMENTS,  WHICH  DO  SHOW  FIXATION  OF  FREE  NITROGEN. 

1  stated  in  my  lecture  last  year,  that  it  was  about  1876  that 
U.  Berthelot  called  in  question  the  legitimacy  of  the  conclusion  that 
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plants  do  not  assimilate  the  free  nitrogen  of  the  air,  when  drawn  from 
the  results  of  experiments  in  which  the  plants  are  so  enclosed  as  to 
exclude  the  possibility  of  electrical  action,  and  that  he  had  more 
recently  objected  to  experiments  so  conducted  with  sterilised  materials, 
on  the  ground  that,  under  such  conditions,  the  presence,  development, 
and  action,  of  micro-organisms  are  excluded.  It  was  pointed  out  that 
in  the  experiments  of  Berthelot,  and  some  others,  gains  were  found 
under  very  various  conditions,  that  they  were  in  some  cases  very  small, 
and  in  others  very  large,  and  that  the  explanations  of  the  gains  were 
very  various.  I  believe,  however,  that  there  is  nothing  in  the  recent 
results,  either  of  Berthelot  himself  or  of  others,  which  can  be  held  to 
invalidate  the  conclusion  which  had  been  drawn  from  the  results  of 
Boussingault,  and  from  those  obtained  at  Rothamsted,  that  the  higher 
chlorophyllous  plants  do  not  directly  assimilate  free  nitrogen. 

Let  us  now  consider  what  are  the  results  obtained,  when  the 
conditions  of  growth  involve  neither  sterilisation  nor  enclosure. 

We  have  maintained  that  it  can  hardly  be  said  that  there  remained 
an  unsolved  problem  in  regard  to  the  source  of  the  nitrogen  of  our 
n(?n-Leguminous  crops,  but  that  it  must  be  admitted,  in  spite  of  all  the 
investigations  and  discussions  of  the  last  50  years,  that  the  source  of 
the  whole  of  the  nitrogen  of  our  Leguminous  crops  had  not  been 
satisfactorily  explained.  Hence,  it  was  argued,  evidence  obtained  on 
new  lines  should  receive  careful  consideration.  According  to  some 
recent  experimenters,  however,  gain  from  the  fixation  of  free  nitrogen  is 
not  limited  to  our  Leguminous  crops.  But,  quite  accordantly,  not  only 
with  common  experience  in  agriculture,  but  with  the  direct  experimental 
results  of  ourselves  and  others,  Hellriegel  found  in  his  experiments  that 
plants  of  the  gramineous,  the  chenopodiaceous,  the  polygonous,  and  the 
cruciferous  families,  depended  on  combined  nitrogen  supplied  within 
the  soil.  On  the  other  hand,  he  found  that  leguminous  plants  did  not 
depend  entirely  on  such  supplies.  His  results  were,  indeed,  not  only 
very  definite,  but  they  had  a  special  bearing  on  the  admittedly  un- 
solved problem  of  the  source  of  the  whole  of  the  nitrogen  of  the 
Leguminosse. 

Accordingly,  as  already  stated,  we  made  experiments  on  the  subject 
at  Kothamsted  in  1888  and  1889,  and  it  is  being  further  investigated  in 
the  present  season,  1890.  I  propose  to  give,  on  the  present  occasion, 
a  description,  and  some  of  the  numerical  results,  of  the  experiments 
made  in  1888  ;  a  description,  and  some  illustrations  of  the  growth,  in 
1889  ;  and  also  a  brief  account  of  the  experiments  still  in  progress. 

Hellriegel's  experiments  may  be  briefly  described  as  follows  : — in 
1883  he  commenced  a  comprehensive  series  of  vegetation  experiments 
in  pots,  in  which  he  grew  agricultural  plants  of  various  families  in 
washed  quartz  sand.  To  all  the  pots  nutritive  solutions  containing  no 
nitrogen  were  added.  To  one  series  nothing  else  was  supplied ;  to  a 
second  a  fixed  quantity  of  nitrogen  as  sodium-nitrate  ;  to  a  third  twice 
as  much  ;  and  to  a  fourth  four  times  as  much.  The  result  was  that,  in 
the  case  of  the  Gramineffi,  and  some  other  plants,  the  growth   was 
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largely  proportional  to  the  nitrogen  supplied,  whilst  in  that  of  the 
Papilionaceae  it  was  not  so.  In  the  case  of  these  plants,  that  of  peas 
for  example,  it  was  observed  that,  in  a  series  of  pots  to  which  no 
nitrogen  was  added,  most  of  the  plants  were  apparently  limited  in  their 
growth  by  the  amount  of  nitrogen  which  the  seed  supplied.  Here  and 
there,  however,  a  plant  growing  under  ostensibly  the  same  conditions, 
grew  very  luxuriantly ;  and,  on  examination,  it  was  found  that  whilst 
no  nodules  were  developed  on  the  roots  of  the  plants  of  limited 
growth,  they  were  abundant  on  those  of  the  luxuriantly  growing 
plants. 

In  view  of  this  result,  Hellriegel  instituted  experiments  to  determine 
whether,  by  the  infection  of  the  soil  with  appropriate  organisms,  the 
formation  of  the  root  nodules,  and  luxuriant  growth,  could  be  induced, 
and  whether  by  the  exclusion  of  such  infection  the  result  could  be 
prevented.  To  this  end,  he  added  to  some  of  a  series  of  experimental 
pots  25  cc,  or  sometimes  50  cc,  of  the  turbid  extract  of  a  fertile  soil, 
made  by  shaking  a  given  quantity  of  it  with  five  times  its  weight  of 
distilled  water.  In  some  cases,  however,  the  extract  was  sterilised. 
In  those  in  which  it  was  not  sterilised,  there  was  almost  uniformly 
luxuriant  growth,  and  abundant  formation  of  root  nodules ;  but  with 
sterilisation  there  was  no  such  result.  Consistent  results  were 
obtained  with  peas,  vetches,  and  some  other  Papilionacea) ;  but  the 
application  of  the  same  soil-extract  had  no  effect  in  the  case  of  lupins, 
serradella,  and  some  other  plants  of  the  family  which  are  known  to 
grow  more  favourably  on  sandy  than  on  loamy  or  rich  humus  soils. 
Accordingly,  he  made  a  similar  extract  from  a  diluvial  sandy  soil 
where  lupins  were  growing  well,  in  which  it  might  be  supposed  that 
Uie  organisms  peculiar  to  such  a  soil  would  be  present ;  and,  on  the 
application  of  this  to  a  nitrogen-free  soil,  lupins  grew  in  it  luxuriantly, 
and  nodules  were  abundantly  developed  on  their  roots. 

THE  VEGETATION  EXPERIMENTS  IN  1888. 

This  preliminary  series  comprised  experiments   with  peas,   blue 
lupins,  and  yellow  lupins.     The  peas  were  grown — 

1.  In  washed  sand,  with  the  ashes  of  the  plant  added;  but 

with  no  supply  of  combined  nitrogen  beyond  a  small 
determined  amount  in  the  washed  sand,  and  that  in  the 
seed  sown. 

2.  In  similarly  prepared  sand,  but  seeded  with  25  cc.  of  the 

turbid  watery  extract  from  a  rich  garden  soil. 

3.  Duplicate  of  No.  2. 

4.  In  the  rich  garden  soil  itself. 

Each  of  the  two  descriptions  of  lupins  was  grown — 

1.     In  sand  prepared  as  for  the  peas,  but  with  the  lupin-plant- 
ash  instead  of  pea-plant-ash  added. 
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2.  In  similar  washed  sand,  &c.,  but  seeded  with  25  cc.  of  the 

turbid  watery  extract  from  a  sandy  soil  where  lupins  had 
grown  luxuriantly. 

3.  In  the  lupin  sandy  soil  itsel£ 

4.  In  rich  garden  soiL 

The  twelve  pots  were  arranged  in  a  small  greenhouse ;  and  distilled 
water,  free  from  ammonia,  was  used  for  watenng. 

The  sand  employed  was  a  yellow  sand,  from  Flitwick,  in  Bedford- 
shire, such  as  is  used  by  gardeners  for  potting.  The  stones  and  coarser 
portions  were  removed  by  sifting,  the  remainder  was  several  times 
washed,  first  with  well-water,  and  afterwards  with  distilled ;  then  dried 
in  a  water-bath,  and  finally  mixed  with  the  plant-ash.  It  still 
contained  000266  per  cent,  of  nitrogen. 

The  sandy-soil  from  which  the  watery  extract  was  made  for  microbe- 
seeding  the  pots  where  lupins  were  to  grow,  and  which  was  used  as 
the  soil  in  experiment  No.  3  with  lupins,  was  obtained  from  land 
which  had  been  reclaimed  from  a  common  in  Suffolk,  on  which  no 
com  crop  would  grow,  but  on  which,  when  subsequently  sown  with 
blue  lupins  they  grew  as  high  as  the  hurdles.  Excepting  that  visible 
organic  matter  was  removed  by  sifting  and  picking,  it  was  used  as 
received,  in  which  state  it  contained  0*0859  per  cent,  of  nitrogen. 

The  garden-soil  contained  10*12  per  cent,  of  moisture,  and  0*3919 
per  cent,  of  nitrogen,  corresponding  to  0*4360  per  cent,  on  the  soil 
dried  at  100°C. 

The  pots  used  were  made  of  glazed  earthenware.  They  had  a  hole 
half  an  inch  in  diameter  at  the  bottom  for  drainage,  and  another  at 
the  side,  near  the  bottom,  for  aeration,  into  which  a  glass  tube  bent 
upwards,  and  lightly  closed  with  cotton  wool  to  exclude  insects,  was 
fixed.  The  pots  rested  on  slips  of  thick  sheet  glass,  placed  in  basins 
of  the  same  glazed  earthenware  as  the  pots. 

The  plant-ashes  used  as  mineral  nutriment,  were  prepared  by 
suspension  in  distilled  water,  adding  sulphuric  acid  to  the  point  of 
neutralisation,  evaporating  to  dryness,  and  gently  re-igniting. 

The  drain  hole  at  the  bottom  of  each  pot  was  loosely  covered  with 
a  piece  of  thick  glass,  and  1  lb.  of  broken,  washed,  and  dried  flint  was 
then  put  in.  The  pots  held  from  7  to  9  lbs.  of  the  yellow  sand,  from 
6  to  7  lbs.  of  the  lupin  sand,  and  about  4^  lbs.  of  the  garden  soil. 

The  soil  extracts  supposed  to  supply  the  organisms  were  made  by 
shaking,  in  a  stoppered  bottle,  1  part  of  the  garden  soil  or  lupin  sand, 
with  5  parts  of  distilled  water,  and,  after  subsidence,  pouring  off  the 
turbid  liquid,  which  was  then  passed  through  platinum  gauze  to  separate 
any  floating  matter.  Determinations  of  nitric  nitrogen  by  SchlsBsing's 
method,  and  of  total  nitrogen  by  copper-oxide,  showed  that  the  25  cc. 
of  the  garden-soil  extract  used  for  seeding  contained  little  more  than  f 
of  a  milligram,  and  the  25  cc.  of  the  lupin  sand  extract,  little  more 
than  ^  of  a  milligram,  of  nitrogen;  quantities  which  are  quite 
immaterial  considered  as  a  supply  of  combined  nitrogen. 
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The  seeds  were  selected  for  sowing  and  for  analysis  by  weighing 

3  or  4  lots  of  100  each  to  ascertain  the  average  weight  per  seed,  and 
then  a  number  of  single  seeds  weighing  within  5  milligrams  of  the 
mean  weight  were  taken. 

It  was  intended  to  commence  the  experiments  early  in  the  summer ; 
but  owing  to  the  pressure  of  other  work  the  necessary  preparations 
were  not  completed  until  early  in  August  All  the  seeds  were  sown 
on  August  6  ;  3  accurately  weighed  seeds  being  put  into  each  pot. 

From  the  first  the  peas  germinated  and  grew  well  in  each  of  the  4 
pots;  but  in  each  of  the  4  of  blue  lupins,  and  in  each  of  the  4  of 
jeUow  lupins,  one  or  more  seeds  failed,  and  had  to  be  replaced ;  and  in 
some  cases  these  also  failed.  It  is  admittedly  very  difficult  to  secure 
healthy  growth  with  lupins  in  pots.  One  essential  condition  seems  to 
be  that  the  soil  must  be  kept  open  and  porous  ;  and  it  is  also  important 
that  the  mineral  matter  added  to  the  soil  should  be  quite  neutral. 

The  failures  with  the  lupins  are  well  illustrated  by  the  fact  that,  in 
spite  of  the  re-sowings,  there  were,  eventually,  of  blue  lupins  3  plants 
in  pot  1  with  the  yellow  sand  without  soil-extract  seeding  ;  only  2  in 
pot  2  with  the  same  sand  and  soil-extract  seeding ;  none  in  pot  3  with 
the  lupin  sand  itself,  from  which  the  soil-extract  was  prepared ;  and  3, 
but  of  very  varying  size,  in  pot  4  with  garden-soil 

Then  of  yellow  lupins  there  were  only  2  plants  in  pot  1  with  the 
yellow  sand  ;  only  2  in  pot  2  with  the  sand  and  the  lupin  soil-extract 
seeding ;  only  2  in  pot  3  with  the  lupin  sand  itself;  and  only  2  in  pot 

4  with  the  garden-soil. 

Thus,  in  the  preliminary  experiments  of  1888,  with  neither  blue 
nor  yellow  lupins  was  the  growth  satisfactory ;  whilst,  as  will  be  seen 
farther  on,  it  was  far  otherwise,  at  any  rate  with  yellow  lupins,  in  1889. 
I  wiU  not,  therefore,  take  up  time  with  any  detailed  discussion,  either 
of  the  growth,  of  the  rooUlevelopment,  or  of  the  analyses,  of  the 
lupins  of  1 888  ;  but  I  will  now  direct  attention  to  the  more  satisfactory 
results  obtained  with  peas  in  1888,  which,  it  will  be  seen,  afford  very 
important  indications. 

The  Results  with  Peas,  in  1888. 

As  already  said,  the  peas  in  each  of  the  four  pots  germinated  and 
crew  well.  Those  in  the  garden-soil  were  throughout  the  most 
luzoriant.  Pots  2  and  3  were  each  seeded  with  25  cc.  of  the  garden-soil 
extract  on  August  13,  that  is  just  a  week  after  the  sowing  of  the  seed. 

For  some  time  the  plants  in  pot  1,  in  the  sand  without  soil-extract, 
showed  more  growth,  and  better  colour,  than  those  in  either  pot  2  or 
pot  3  with  the  soil-extract  seeding.  It  was,  in  fact,  not  until  four  or 
five  weeks  after  the  seeding  with  the  soil  extract,  that  the  plants  in 
pots  2  and  3  began  to  show  a  darker  green  colour  than  those  in  pot  1 
▼ithout  soil-extract  The  indication  was,  however,  so  striking  that,  on 
September  25,  it  was  decided  to  count  the  leaves,  and  to  estimate, 
Approximately,  the  relative  area  of  leaf-surface,  of  the  plants  in  the 
different  pots.    For  this  purpose  the  leaves  were  classified  into  those 
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which  were  bright  green,  those  which  were  changing  colour,  and  those 
which  were  withered.  It  will  suffice  to  show  the  number,  and  the 
estimated  relative  area,  of  the  total  leaves  in  each  case,  on  September 
25,  when  the  first  counting  and  estimates  were  made,  on  October  17, 
on  November  14,  and  on  December  14  when  the  plants  were  cut.  The 
following  table  summarises  the  results. 

TABLE  II.        PEAS,  1888. 


Total  number  of  leaves,  and  estimated  relative  leaf  surface,  those  of  the  plants  in  Pot 
1  (without  soil-extract  seeding)  on  September  25,  being  taken  as  100. 

Number  of  leaves. 

Estimated  relative  leaf  surftce. 

Pot  1 

Pot  2 

Pot  8 

Pot  4 

Pot  1 

Pot  2 

Pots 

Pot 

September  26.. 
October  17    . . 
November  14.. 
December  14 . . 

144 
188 
244 
382 

140 
200 
300 
540 

120 
184 
244 
390 

164 
216 
280 
434 

100 
143 
170 
267 

67 
172 
249 
481 

58 
158 
245 
434 

128 
242 
328 
463 

Thus,  on  September  25,  after  the  plants  in  pots  2  and  3,  with  the 
soil-extract  seeding,  had  begun  to  show  a  darker  green  colour,  they 
nevertheless  showed  both  a  less  number  of  leaves,  and  considerably  less 
leaf-surface,  than  the  plants  in  pot  1  without  the  soil-extract.  It  is  not 
very  clear  why  the  plants  with  the  soil-extract  seeding  remained  so  long 
in  a  comparatively  backward  condition.  It  may  have  been  only 
accidental,  depending  on  the  character  of  the  seeds,  or  on  the  fact  that 
pot  1  stood  at  the  southern  end  of  the  row,  and  nearest  the  glass.  An 
alternative  is  that,  in  the  early  stages  of  the  development  of  the  nodules 
and  their  contents,  the  growth  of  the  higher  plant  is  in  some  way 
retarded.  The  figures  show,  however,  that  from  this  date,  the  plants 
in  pots  2  and  3  with  the  soil-extract,  gradually  gained  upon  those  in 
pot  1  without  it,  both  in  number  of  leaves  and  in  leaf-surface ;  until, 
when  the  plants  were  taken  up  on  December  14,  those  in  pots  2  and  3 
showed  540  and  390  leaves,  against  only  382  on  those  in  pot  1  ;  and 
481  and  434  of  leaf -surface,  against  only  267  in  pot  1.  There  is, 
therefore,  clear  evidence  of  increased  growth  under  the  influence  of 
the  soil-extract  seeding. 

In  all  the  pots  the  upper  portions  of  the  plants  obviously  developed 
at  the  expense  of  the  lower,  the  leaves  of  which  gradually  lost  colour, 
and  withered,  whilst  the  stems  and  leaves  of  the  upper  portion  increased 
in  growth ;  those  in  pots  2,  3,  and  4,  continuing  to  vegetate  and  to 
maintain  a  bright  green  colour  to  the  last,  whilst  those  in  pot  1  showed 
more  exhaustion,  and  maintained  much  less  colour.  Probably  owing 
to  the  lateness  of  the  season,  there  was  no  indication  of  flowering  in 
any  of  the  pots. 

As  the  roots  had  to  be  preserved  without  any  loss,  for  analysis,  the 
examination  of  them  had  to  be  very  carefully  conducted,  and  was 
necessarily  more  restricted  than  if  examination  had  been  the  only 
object.  After  the  above-ground  growth  had  been  cut  ofl*,  the  pots, 
with  their  moist  soil  and  roots,  were  kept  in  a  warm  dr}'  place  until  the 
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examination  commenced.  The  block  of  soil  was  carefully  turned  out 
on  to  glazed  cartridge  paper,  and  notes  were  at  once  taken  as  to  the 
distribution  of  roots  so  far  as  it  was  then  apparent  The  sand  or  soil 
was  then  removed  little  by  little  until  the  roots  were  left  nearly  bare. 
Further  notes  were  then  taken,  the  remaining  sand  or  soil  was  removed 
as  far  as  possible  by  washing  in  a  beaker  with  a  little  distilled  water. 
The  roots  were  then  spread  out  upon  paper,  and  so  photographed,  and 
finally  noted  upon. 

The  four  pots  of  plants  were  photographed  on  September  1, 
September  22,  October  6,  and  lastly  on  November  3,  about  five  weeks 
before  the  taking  up  of  the  plants.  Enlarged  photographs  of  the 
plants  at  the  last  mentioned  date,  and  of  the  roots  when  taken  up  as 
above  described,  were  exhibited. 

When  due  allowance  is  made  for  the  difference  in  colour  of  the 
stems  and  leaves,  as  above  described,  the  photographs  of  the  plants  are 
consistent  in  their  indications  with  the  results  given  in  Table  II.,  and 
with  those  which  follow  as  to  the  relative  amounts  of  dry  matter 
prodaced,  and  of  nitrogen  taken  up. 

The  indications  of  the  enlarged  photographs  of  the  roots  of  the 
plants  are  of  much  interest. 

The  roots  in  pot  1,  with  the  washed  but  not  sterilised  yellow  sand, 
showed  a  densely  matted  mass  of  fibre,  by  far  the  greater  portion  of 
which  was  accumulated  within  the  top  four  inches  of  the  sand ;  and, 
notwithstanding  there  was  no  soil-extract  seeding,  there  were  many 
nodules  on  the  roots,  but  fewer,  and  generally  much  smaller,  than  on 
those  grown  with  the  soil-extract  seeding;  they  were  also  less 
characteristically  accumulated  near  the  surface,  and  more  distributed 
along  the  root  fibres.  There  were,  however,  some  agglomerations  of 
nodules.  Comparing  this  result  with  that  obtained  in  1889,  with  a 
purer  and  sterilised  sand,  in  which  case  there  were  no  nodules,  there 
can  be  little  doubt  that  the  development  of  nodules,  and  the  compara- 
tively luxuriant  growth,  in  this  pot  without  soil-extract  seeding,  are  to 
he  attributed  to  the  impurity  and  non-sterilisation  of  the  sand. 

The  roots  in  pot  2,  with  soil-extract  seeding,  also  showed  a  dense 
mass  of  fibre,  which,  however,  extended  from  the  top  to  the  bottom  of 
the  soil,  penetrated  the  layer  of  flints,  and  distributed  over  the  bottom 
of  the  pot.  The  roots  were,  in  fact,  much  more  generally  distributed 
throaghout  the  soil,  and  less  accumulated  within  the  surface  layers, 
than  in  pot  1.  The  most  developed  root  had  three  large  agglomerated 
nodules,  each  with  some  scores  of  protuberances,  somewhat  as  on  a 
raspberry  or  mulberry.  The  other  plants  also  showed  similar  nodules, 
hut  of  a  smaller  size.  There  were  also  a  number  of  small  clusters 
distributed  over  the  rootlets,  but  very  few  single  nodules ;  differing  in 
this  respect  from  the  development  observed  in  pot  1. 

In  pot  3,  also  with  soil-extract  seeding,  each  of  the  three  plants 
developed  a  mass  of  root-fibre  extending  throughout  the  soil,  but  less 
near  the  bottom.  There  were  large  agglomerations  of  nodules  on  the 
roots  of  each  plant.    There  were,  besides,  many  small  clusters,  and  here 
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and  there  single  nodules.  By  far  the  most  of  the  nodules  were  within 
the  top  three  inches  of  the  sand,  but  one  considerable  bunch  was  found 
as  low  as  four  inches  from  the  surface.  As  in  the  other  cases,  the 
nodules  were  grey,  and  much  lighter  in  colour  than  the  roots  on  which 
they  grew. 

£ach  of  the  three  plants  in  pot  4,  with  the  garden  soil,  had  a 
stouter  main  root  than  any  of  those  in  the  other  pots.  From  the  side 
branches  there  proceeded  a  large  amount  of  fine  root-fibres  which  extended 
throughout  the  whole  soil,  those  from  the  different  plants  being  much 
interwoven.  The  roots  extended  round  the  sides,  and  along  the  bottom 
of  the  pot,  much  more  than  in  either  of  the  other  pots.  There  were 
three  small  clusters  of  nodules  on  the  roots  of  each  of  the  three  plants, 
one  or  two  small  bunches,  and  here  and  there  a  siude  nodule.  But  the 
clusters  were  much  smaller,  the  total  number  of  nodules  was  much  less, 
and  they  were  more  distributed  throughout  the  soil,  in  this  pot  with  rich 
garden  soil,  than  in  either  of  the  others,  even  than  in  pot  1  without 
soil-extract  seeding.  The  root  development  was,  however,  as  the 
description  shows,  much  greater  than  in  either  of  the  other  pots.  That 
is  to  say,  there  was,  in  this  case,  not  only  a  greater  development  of 
root  and  root-fibre,  but  a  less  development  of  root  nodules,  in  the  soil 
which  itself  supplied  an  abundance  of  combined  nitrogen,  as  well  as 
other  nutriment 

Upon  the  whole,  then,  the  evidence  relating  to  the  peas  clearly 
shows  that  there  was  a  greatly  enhanced  development  of  nodules  on  the 
roots  under  the  influence  of  the  soil-extract  seeding,  and,  coincidently 
with  this,  considerably  increased  growth. 

The  Analytical  Eesults. 

The  nitrogen  was  determined  in  the  sand  and  in  the  garden  soil,  at 
the  commencement  and  at  the  conclusion  of  the  experiments  ;  also  in 
the  seed,  in  the  above-ground  growth  (stems  and  leaves),  and  in  the 
roots,  separately.  The  dry  matter  and  ash  were  also  determined,  in 
the  seed,  and  in  the  produce  grown. 

It  is  of  interest  to  remark,  that  the  percentage  of  ash  in  the  dry 
substance  of  the  more  normally  developed  plants  grown  in  the  garden 
soil,  was  much  less  than  in  that  of  the  plants  grown  in  the  sand  with 
plant-ash  added  ;  also  that  the  plants  in  pot  1,  with  the  most  restricted 
growth,  and  which  from  their  pale  colour  indicated  nitrogen-exhaustion, 
showed  a  lower  percentage  of  nitrogen  in  the  dry  substance  of  both  the 
above-ground  and  under-ground  produce,  than  was  found  in  that  of 
either  of  the  other  pots.  It  may  be  added  that  the  roots  in  pots  2  and 
3,  with  the  soil-extract,  and  with  so  much  greater  development  of 
nodules  than  on  those  in  either  pots  1  or  4,  also  contained  a  considerably 
higher  percentage  of  nitrogen  in  their  dry  substance. 

The  next  Table  (III.),  shows  the  actual  quantities  of  dry  substance, 
and  of  nitrogen,  in  the  separated,  and  in  the  total,  products  of  growth. 

It  is  seen  that  there  is  more  dry  substance  in  the  above-ground 
growth,  but  less  remaining  in  the  roots,  in  pots  2  and  3  with  the  soil- 
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extract,  than  in  pot  1  without  it.  In  the  whole  plant,  there  is  about 
10  grams  of  dry  substance  in  pot  1  without  soil-extract,  against  about 
11}  grams  in  pot  2,  and  more  than  11  grams  in  pot  3,  each  with 
soil-extract. 


TABLE  III 

PEAS,  1888. 

Dry  Substance. 

Nitrogen. 

In 
stems 

and 
leaves. 

In 
Roots. 

In 
whole 
plant. 

In 
stems 

and 
leaves. 

In 
Roots. 

In 

whole 
plant. 

Pot  1.   Sand  withoat  soU-extract 

Pots.   Sand  with  8oU-extract 

Pot  8.   Band  with  soU-eztract 

Potl   Garden  8oU          

grams. 
7*423 
9*368 
9411 

12-806 

grams. 
2*600 
2*409 
1*748 
2*846 

grams. 

10*023 

11*777 

11159 

15*664 

gram. 
0*2168 
0*4691 
0*8770 
0*6806 

gram. 
00669 
00770 
0*0687 
0*0794 

gram. 
02822 
0*6861 
0*4867 
0*6600 

The  point  of  chief  interest  is,  however,  that  there  was  in  one  case 
more  than  twice,  and  in  the  other  nearly  twice,  as  much  nitrogen  in  the 
above-ground  growth  in  pots  2  and  3  with  the  soil-extract  seeding,  as 
in  pot  1  without  it.  But  there  was  much  less  difference  in  the  amounts 
remaining  in  the  roots  under  the  different  conditions.  Of  nitrogen  in 
the  total  vegetable  matter  grown,  there  is,  in  pot  2  nearly  twice,  and  in 
pot  3  more  than  H  time  as  much  as  in  pot  1  without  the  soil-extract. 
Id  pot  4  with  gar(kn  soil,  and  therefore  full  supply  of  already  combined 
nitrogen,  there  was  more  dry  substance  produced,  and  more  nitrogen 
assimilated,  than  under  the  influence  of  the  soil-extract  seeding. 

The  significance  of  the  results  relating  to  the  nitrogen  is,  however, 
more  clearly  seen  in  the  next  Table  (IV.),  which  shows — the  amounts 
in  the  soil  at  the  commencement  and  at  the  conclusion  of  the  experi- 
ment, and  the  gain  or  loss  ;  the  amounts  in  the  seed,  in  the  total 
products  of  growth,  and  the  gain ;  the  total  nitrogen  in  the  soil  and 
seed  at  the  commencement,  in  the  soil  and  produce  at  the  conclusion, 
and  the  gain.  The  Table  also  shows,  in  the  last  column  but  one — the 
nitrogen  in  the  total  products  reckoning  the  total  initial  nitrogen  =  1  ; 
and  in  the  last  column,  the  amount  in  the  plants,  reckoning  that  in  the 
seed  =  1. 

TABLE  IV.       PBAS,  1888. 


Nitrogen. 


Fotl 
Fbti 

Pots 

PBt4 


In  SoU. 


At  com- 
mence- 
ment. 


gnuns. 
0*0999 
0*0999 
0*0899 
7*9989 


At 

con« 

elusion. 


grams. 
0-1096 
00974 
0-0848 
7*9969 


Gain(4-) 

or 
loss  (-) 


gram. 
+  0*0007 

—  0*0026 

—  0*0161 


In  Seeds  and  Produce. 


In 
Seeds 
Sown. 


gram. 
0*0293 
0-0298 
00291 
0*0901 


In 

total 

Plants. 


gram. 
0*2822 
0*6861 
0*4857 
0*6600 


Gain. 


gram. 
0*2629 
0-6063 
0*4066 
0*6299 


Total. 


At  com- 
mence- 
ment. 


grams. 
01292 
0*1297 
0*1290 
8-0290 


At 
con- 
clusion. 


grams. 
0-3918 
0*6386 
0-6205 
8*6689 


Gain. 


gram. 
0*2626 
0-6038 
0*3915 
0*6299 


In  total 

products, 

toUl 

initial 

=  1. 


3*03 
4*88 
4*04 
1-08 


In 

plants. 

Nitrogen 

in  seed 

«1. 


9*63 
17-99 
14*97 
21-93 
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The  first  point  to  notice  is,  that  there  is  very  little  difference  in  the 
amount  of  nitrogen  in  the  soils  at  the  commencement  and  at  the 
conclusion  of  the  experiments.  There  would,  douhtless,  be  some  fine 
root-fibre  not  removed  at  the  conclusion,  so  that  where  there  is  loss  it 
is  to  be  supposed  that  some  of  the  original  nitrogen  of  the  soil  has 
contributed  to  the  growth.  In  the  case  of  the  garden-soil,  with  its 
high  percentage  of  nitrogen,  it  is  of  course  not  impossible  that  there 
may  have  been  some  loss  by  the  evolution  of  free  nitrogen. 

That  th^re  is  at  any  rate  no  material  gain  of  nitrogen  in  the 
soils  would  seem  to  be  confirmatory  of  the  conclusion  indicated  by 
other  evidence,  that  the  fixation  is  not  effected  by  the  organisms 
within  the  soil,  independently  of  the  symbiotic  growth  of  the  nodules 
and  their  contents,  and  of  the  higher  plant  to  which  they  are  attached, 
and  to  whose  nitrogenous  supply  they  seem  to  contribute.  Indeed,  if 
the  fixation  had  taken  place  under  the  influence  of  microbes  within  the 
soil,  independently  of  connexion  with  the  higher  plant,  we  should  have 
to  conclude  that  the  latter  had,  nevertheless,  availed  itself  of  exactly 
the  whole  of  the  nitrogen  so  brought  into  combination — a  supposition 
for  which  there  would  seem  no  reasonable  justification. 

Turning  to  the  middle  division  of  the  Table,  which  shows  the 
nitrogen  in  the  seed  sown,  in  the  total  vegetable  matter  grown,  and 
the  gain,  and  disregarding  the  changes  in  the  soil  itself,  which  it  has 
been  seen  may  well  be  done,  it  will  be  observed  that,  in  the  case  of  pots 
1,  2,  and  3,  with  sand,  the  gain  in  the  plants  is  so  large  as  to 
be  very  far  beyond  the  limit  of  any  possible  experimental  error.  This 
certainly  cannot  be  said  of  some  of  the  experiments  conducted  on 
other  lines,  the  results  of  which  have  been  published  in  recent  years, 
and' have  been  held  to  show  the  fixation  of  free  nitrogen  under  the 
agency  of  micro-organisms  within  the  soil,  without  coincident  higher 
plant-growth,  or  with  the  coincident  growth  of  other  plants  than  of  the 
Leguminous  family. 

The  gain  in  these  initiative  experiments  with  peas  is,  however, 
much  less  than  in  many  of  those  of  Hellriegel  and  Wilfarth.  This  is 
not  to  be  wondered  at,  when  the  late  period  of  the  season,  and  the 
consequent  character  of  the  growth,  are  borne  in  mind ;  and  when  we 
come  to  consider  the  greater  growth  attained  in  the  experiments  of 
1889,  little  doubt  can  be  entertained  that  the  fixation  was  then  very 
much  greater  than  it  was  in  1 888. 

To  refer  to  the  figures,  it  is  seen  that,  whilst  the  nitrogen  supplied 
in  the  seed  was  only  0*03  gram  or  less,  that  in  the  products  of  growth 
was  0-2822  gram  in  pot  1,  0-5361  in  pot  2,  04357  in  pot  3,  and  0*6600 
in  pot  4 ;  and  the  gains  were  more  than  J  of  a  gram  in  pot  1,  more 
than  ^  a  gram  in  pot  2,  about  |ths  of  a  gram  in  pot  3,  and  more  than 
l^ths  of  a  gram  in  pot  4. 

The  third  division  of  the  table  shows — the  total  nitrogen  at  the 
commencement  (in  soil  and  seed  together),  at  the  conclusion  (in  soil 
and  total  vegetable  matter  grown),  and  the  gains. 

But  the  significance  of  the  results  is  more  clearly  seen  in  the  last 
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two  colamns.     The  first  of  these  shows  the  relation  of  the  amount  of 

nitrogen  in  the  total  products  (soil  and  plants  together),  to  the  total 

initial  nitrogen  (soil  and  seed  together),  taken  as  1.     It  is  seen  that, 

even  in  pot  1 ,  with  the  impure  and  not  sterilised  sand,  but  without 

soil-extract,  there  was,  so  reckoned,  more  than  three  times  as  much 

nitrogen  in  the  products  as  in  the  soil  and  seed  ;    in  pot  2,  with 

soil-extract,  there  was  nearly  five  times  as  much ;  and  in  pot  3,  also 

with  soil-extract,  there  was  more  than  four  times  as  much.     In  the 

ease  of  pot  4,  however,  with  garden  soil,  owing  to  the  large  amount  of 

initial  nitrogen  in  the  soil,  the  gain,  though  actually  large,  appears, 

when  so  reckoned,  but  small. 

It  is  in  the  last  column  of  the  table,  in  which,  disregarding  the 
nitrogen  in  the  soils,  which  was  so  nearly  the  same  at  the  beginning 
ind  at  the  end,  and  reckoning  the  relation  of  the  nitrogen  in  the  total 
products  of  growth  to  that  in  the  seed  taken  as  1,  that  the  large 
amount  of  fixation  is  clearly  brought  to  view.  So  reckoned,  the 
nitrogen  in  the  substance  grown  to  that  in  the  seed  sown,  was — in  pot 
1,  9^  fold  ;  in  pot  2,  neany  18  fold  ;  in  pot  3,  nearly  16  fold ;  and  in 
pot  4,  nearly  22  fold. 

Here,  then,  under  non^eterilised  conditions,  in  fact  with  suifabte 
mierobe  infection,  there  was  very  considerable  fixation  of  free  nitrogen. 

THE  VEGETATION   EXPERIMENTS   IN    1889. 

In  this  second  season  a  more  extensive  series  was  arranged.     The 

plants  selected  were — peas,  vetches,  red  clover,   blue   lupins,  yellow 

lupins,  and  lucerne.     For  the  lupins  and  lucerne,  specially  made  pots 

of  glazed  earthenware  were  employed.     They  were  about  6  inches  in 

diameter,  and  15  inches  deep  inside,  that  is  about  twice  as  deep  as 

those  used  in  1 888,  and  again  for  the  peas,  vetches,  and  red  clover,  in 

1889.     These  pots  had  holes  at  the  bottom  for  drainage,  and  slits  at 

the  side,  near  the  bottom,  for  aeration.     Each  of  the  pots  stood  in  a 

specially  made  pan   of  the  same   material.     A  quantity  of  broken, 

washed,  and  this  time  ignited  flint,  was  put  into  the  bottom  of  each 

pot     The  sand  used  was  a  rather  coarse,    white  quartz  sand,  from 

which  the  coarser  and  the  finer  portions  were  removed  by  sifting,  and 

more  of  the  finer  by  washing  and  decantation,  first  with   well,  and 

afterwards  with  distilled,  water.     In  defect  of  means  for  igniting  so 

large  a  quantity  of  material  (about  300  lbs.  in  all)  without  running  the 

risk  of  gaining  more  impurity  than  was  expelled,  the  portion  retained 

for  use  was  kept,  in  successive  lots,  in  a  large  water-bath,  at  nearly 

100°C,  for  several  days,  and  then  preserved  in  well  closed  bottles. 

The  results  will  show  that  the  sand  so  prepared  was  sufficiently,  if  not 

absolutely,  sterilised. 

In  each  case  the  sand  was  mixed  with  01  per  cent,  of  the  plant 
ash,  and  0*1  per  cent,  of  calcium  carbonate ;  though  much  smaller 
quantities  have  since  been  used. 

There  were  four  pots  of  each  description  of  plant.     Of  the  peas, 
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vetches,  red  clover,  and  lucerne,  No.  1  was  with  the  prepared  quartz 
sand  without  soil-extract ;  No.  2  with  the  quartz  sand  and  garden-soil - 
extract  added ;  No.  3  was  duplicate  of  No.  2  ;  and  No.  4  was  with  the 
garden-soil  itself.  Of  the  blue  and  yellow  lupins,  No.  1  was  with  the 
prepared  quartz  sand  without  soil-extract ;  No.  2  with  lupin-soil-extract 
added ;  No.  3  was  duplicate  of  No.  2 ;  and  No.  4  was  with  the  lupin 
soil  itself,  to  which  0*01  per  cent,  of  the  plant-ash  was  added. 

The  soil-extracts  were  added  the  day  before  the  sowing  of  the  seed ; 
25  cc.  in  the  case  of  the  peas,  vetches,  and  red  clover,  and  50  cc.  in 
that  of  the  lupins  and  lucerne. 

The  seeds,  selected  and  weighed  as  in  1888,  were  sown  on  July  10, 
that  is,  about  four  weeks  earlier  than  in  1 888,  but  still  not  so  early  as 
was  desirable.  In  the  case  of  the  red  clover  ten  seeds  were  sown  in 
each  pot ;  in  that  of  the  blue  and  yellow  lupins  three,  and  in  that  of 
the  peas,  vetches,  and  lucerne,  only  two  seeds,  were  put  in  each  pot 

In  all  four  pots,  the  peas  germinated  and  grew  well  from  the 
beginning.  In  the  No.  1  pot  of  vetches,  one  seed  failed,  and  had  to  be 
replaced.  Several  of  the  red  clover  seeds  failed,  and  eventually  four 
plants  only  were  left  in  each  pot.  As  in  1888,  most  of  the  blue  lupins 
failed,  and  eventually  only  one  plant,  in  only  one  of  the  four  pots, 
remained.  Some  of  both  the  yellow  lupins  and  the  lucerne  also  failed  ; 
but,  as  will  be  seen  further  on,  eventually  two  good  plants  remained  in 
each  pot. 

The  analytical  details  relating  to  the  experiments  of  1889  are  not 
yet  available ;  but  the  notes  on  growth,  and  the  photographs  of  the 
plants  and  of  their  roots,  convey  a  clear  idea  of  the  importance  and 
significance  of  the  results  obtained. 

The  Experiment  with  Peas,  in  1889. 

The  peas  were  taken  up  on  October  23  and  24.  Photographs  of 
the  four  pots  of  plants  were  taken  on  August  3,  August  20,  September 
27,  and  lastly  on  October  22,  that  is  the  day  before  taking  up ;  and  an 
enlargement  of  the  last  taken  was  exhibited.  Unlike  the  result 
obtained  in  pot  1   in  1888  with  impure  and  non-sterilised  sand,  the 

{)lants  of  1889,  in  the  purer  and  sterilised  quartz  sand,  showed  extremely 
imited  growth.  Before  the  end  of  July,  those  in  both  pots  2  and  3, 
with  soil-extract  seeding,  beg&n  to  show  enhanced  growth  compared 
with  that  in  pot  1,  without  the  soil-extract ;  and,  eventually,  whilst  the 
plants  in  pot  1  were  only  8^  and  8^  inches  in  height,  those  in  pot  2, 
with  soil-extract,  were  1 4  and  60^  inches  ;  and  those  in  pot  3,  also  with 
soil-extract,  were  62^  and  50J  inches  high.  In  pot  4,  with  the  garden 
soil,  the  plants  showed  even  somewhat  less  extended  growth  than  those 
in  pots  2  and  3  with  the  soil-extract  only.  But  the  plants  in  pot  4 
were  more  vigorous,  and  whilst  they  flowered  and  seeded,  neither  of 
those  in  either  pot  2  or  pot  3  did  so ;  but  continued  to  vegetate,  the 
upper  parts  apparently  at  the  expense  of  the  lower. 

Then  as  to  the  root  development : — in  pot  1,  without  soil-extract,  it 
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WIS  altogether  much  less  than  in  either  pot  2  or  pot  3  with  soil-extract, 
or  than  in  pot  4  with  garden  soil.  Enlarged  photographs  of  the  roots 
clearly  illustrated  this.  It  was  further  seen  that,  in  pot  1,  without 
soil-extract  seeding,  the  main  roots  descended  some  distance  before  they 
threw  out  any  considerable  amount  of  root-branches  and  root-fibre ; 
whereas,  in  pots  2  and  3,  with  soil-extract,  there  was  characteristically 
much  more  fibre  distributed,  both  in  the  upper  layers,  and  throughout 
the  pot. 

It  is  specially  to  be  noted  that,  whereas  in  pot  1  in  1888,  with 
impure  and  non-sterilised  sand,  there  was  a  considerable  development 
of  nodules,  now  in  the  pure  and  sterilised  sand,  not  a  nodule  was 
obeervable. 

In  pot  2,  with  soil-extract  seeding,  one  plant  was  very  much  lareer 
than  the  other,  and  developed  very  much  more  root.  The  smaller 
plant  had,  however,  several  nodules  on  the  main  root,  near  the  surface 
of  the  soil,  and  a  good  many  small  ones  distributed  along  the  fibres. 
Host  of  the  nodules  were  more  or  less  shrivelled.  The  larger  plant 
had  a  large  cluster  of  nodules  on  the  main  root,  very  near  the  surface ; 
and  a  very  large  number  of  single  nodules,  mostly  small,  was  distributed 
on  the  root-fibres,  quite  to  the  bottom  of  the  pot.  Upon  the  whole 
those  on  the  larger  plant  were  less  shrivelled. 

In  pot  3,  also  with  soil-extract,  the  main  roots  extended  to,  and 
along,  the  bottom  of  the  pot ;  throwing  off  many  side  branches,  with 
a  very  large  quantity  of  fine  fibrous  root.  The  greatest  distribution 
was,  however,  in  the  upper  few  inches  of  the  sou.  There  were  two 
clusters  of  nodules  on  one  of  the  plants,  and  three  on  the  other,  besides 
smaller  bunches.  A  large  number  of  mostly  single  small  nodules  was 
also  distributed  along  the  roots.  On  one  of  the  plants  the  largest 
cluster  was  on  the  main  root,  and  on  the  other  the  clusters  were  on  the 
side  branches. 

In  pot  4,  with  the  garden  soil,  there  was  a  dense  mass  of  root-fibre 
throughout  the  first  six  inches  of  depth.  There  were  numerous 
nodules,  the  majority  single,  and  within  the  upper  two  or  three  inches 
of  soil.     There  were  also  a  few  small  bunches. 

Thus,  then,  the  limited  growth  in  pot  I,  without  soil-extract,  is 
coincident  with  the  entire  absence  of  nodule-formation ;  and  the 
increased  growth  in  pots  2  and  3,  with  soil-extract,  is  coincident  with  a 
very  great  development  of  nodules.  In  pot  4,  with  garden  soil,  itself 
supplying  abundance  of  nitrogen,  there  was  also  a  considerable 
development  of  nodules,  but  distinctly  less  than  in  either  pot  2  or  pot 
3,  with  soil-extract  only. 

The  Expenmmis  with  Vetches,  m  1889. 

The  vetches  were  taken  up  on  October  26.  They  had  been 
photographed  on  August  3,  August  20,  September  27,  and  lastly 
on  October  25,  that  is,  the  day  before  taking  up ;  and  of  this  last 
^presentation  an  enlargement  was  exhibited. 

0 
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As  with  the  peas,  the  plants  in  pots  2  and  3,  with  soil-extract,  ha 
before  the  end  of  July,  shown  more  growth  than  those  in  pot  1  witho 
it  Again,  as  with  the  peas,  the  vetches  in  the  pure  and  sterilised  sai 
showed  extremely  limited  growth.  On  the  other  hand,  those  in  pots 
and  3,  with  the  soil-extract,  grew  to  a  very  great  height ;  indec 
higher  than  those  in  pot  4  with  the  garden  soil. 

The  heights  of  the  plants  were — in  pot  1,  without  soil-extract,  1 
and  10^  inches;  in  pot  2,  with  soil-extract,  52^  and  67  inches;  in  p 
3,  also  with  soil-extract,  61^  and  51  inches ;  and  in  pot  4,  with  gard 
soil,  only  53  and  36  inches. 

But,  as  in  the  case  of  the  peas,  whilst  the  plants  in  pot  4  with  t 
garden  soil  flowered  and  seeded,  those  in  pots  2  and  3,  with  the  sc 
extract  only,  did  not,  but  continued  to  extend  upwards  at  the  expeii 
of  the  lower  parts  of  the  plant. 

In  pot  1,  without  soil-extract,  there  was  much  less  development 
root  than  in  either  pot  2  or  pot  3  with  it,  or  than  in  pot  4  with  t 
garden  soil.    The  main  roots  descended  to  the  bottom  of  the  pot,  ai 
threw  out  a  number  of  side  branches,  but  there  was  a  marked  deficien 
of  root-fibre.     Not  a  single  nodule  was  found. 

In  pot  2,  with  soil-extract  seeding,  there  was  a  dense  mass  of  re 
and  root-fibre,  which  distributed  throughout  the  whole  of  the  sc 
though  the  greatest  accumulation  was  within  the  first  three  inches 
depth.  There  were  numerous  nodules,  but  considerably  less  in  quanti 
than  on  the  corresponding  pea  plants.  They  were  mostly  single,  t 
greater  number  being  found  in  the  lower  layers,  which  is  also  contra 
to  the  result  with  the  peas.  They  were,  moreover,  genera! 
exceedingly  small. 

In  pot  3,  also  with  soil-extract,  there  was  also  an  immer 
development  of  root  and  root-fibre  through  the  whole  area  of  the  so 
the  greatest  accumulation  being  in  the  upper  and  lower  portions  of  t 
pot,  with  less  in  the  middle.  There  were  many  nodules,  but  ve 
small,  and  probably  fewer  than  on  the  roots  in  pot  2.  All  the  nodui 
were  single,  and  fairly  distributed  over  the  whole  root  area. 

In  pot  4,  with  garden  soil,  there  was  a  moderate  amount  of  re 
and  of  root-fibre,  chiefly  within  the  upper  six  inches  of  depth ;  b 
there  was  altogether  very  much  less  of  root  development  than  in  eith 
pot  2  or  3  with  the  soil-extract.     There  were  many  nodules,  but 
single,   and   very  small;    and   they  appeared   to   be  flattened,  as 
exhausted  of  their  contents. 

Here,  then,  with  the  vetches,  as  with  the  peas,  the  very  restrict 
growth  in  pot  1,  without  soil-extract  seeding,  was  associated  with  ve 
limited  root  development,  and  with  the  entire  absence  of  nodu 
formation.  On  the  other  hand,  the  very  greatly  extended  vegetati 
growth  in  pots  2  and  3,  with  soil-extract,  was  associated  with 
immense  development  of  root  and  root-fibre,  extending  throughout  i 
pots,  and  with  the  formation  of  numerous  nodules ;  which,  howev< 
were  generally  smaller,  more  distributed  over  the  whole  root  area,  ai 
less  accumulated  near  the  surface,  than  in  the  case  of  the  peas.     Last! 
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in  the  garden  sofl,  with  its  liberal  supply  of  combined  nitrogen,  there 
WIS  much  less  development  of  roots,  and  less  also  of  nodules,  than  in 
the  pots  with  soil-extract  only. 

The  Eospermmis  with  Lupins^  in  1889. 

It  has  already  been  said  that  most  of  the  blue  lupins  failed ;  but  it 
▼as  with  the  yellow  lupins  that  the  most  striking  of  all  the  results 
▼ere  obtained. 

As  in  the  case  of  the  other  plants,  the  yellow  lupin  seeds  were  put 
in  on  July  10,  three  being  sown  in  each  pot.  There  were  some 
iMowings,  some  seeds  taken  out,  and,  eventually,  two  plants  were  left 
in  each  pot.  By  the  end  of  July,  those  in  pots  2  aQd  3  with  the 
Inpin-soil-eztract  seeding,  already  showed  more  growth  than  those  in 
pot  1  without  it  Photographs  were  taken  on  August  3,  August  20, 
September  27,  October  28,  and  November  29 ;  and  the  plants  were  cut 
on  December  7.  An  enlargement  of  the  photograph  taken  on  October 
28  was  exhibited. 

It  was  seen  that  the  plants  in  pot  1,  without  soil-extract  seeding, 
scarcely  appeared  over  the  rim  of  the  pot,  one  being  only  about  l|, 
and  the  other  about  2^  inches  high.  In  pot  2,  with  lupin-soil-extract 
seeding,  one  plant  was  about  2  feet,  and  the  other  more  than  1^  foot 
high ;  both  spreading  much  beyond  the  width  of  the  pot.  In  pot  3, 
alflo  with  lupin-soil-extract  seeding,  one  plant  was  more  than  2  feet,  but 
the  other  little  more  than  8  inches  high.  In  fact,  in  both  these  pots 
with  soil-extract  seeding  only,  the  plants  showed  considerably  more 
development  than  those  in  pot  4  in  the  lupin-soil  itself ;  one  of  these 
being  only  about  16,  and  the  other  about  18  inches  high,  and  both  less 
branching  than  those  in  pots  2  and  3. 

Unlike  the  peas  and  vetches,  the  yellow  lupins  with  soil-extract 
seeding  only,  flowered  and  podded  freely.  One  plant  in  pot  2  had  nine 
small  pods  ;  and  one  in  pot  3,  four  large  and  three  small  ones.  There 
were  also  in  pot  4,  with  lupin-soil,  on  one  plant  five  pods,  and  on  the 
other  six. 

Thus,  in  the  quartz  sand  with  lupin-soil-extract  seeding,  the  plants 
not  only  produced  a  great  deal  more  vegetable  matter  than  those  m  the 
lapin-sand  itself,  but  they  as  freely  flowered  and  seeded. 

Examination,  and  the  photographs  of  the  roots  of  the  plants  showed 
that  in  pot  1,  without  soil-extract,  and  very  restricted  above-ground 
growth,  there  was  coincidently  very  little  root  development.  The 
main  roots  descended  far  down  the  deep  pot  almost  without  branching, 
but  at  the  bottom  a  number  of  branches,  and  a  mass  of  fibre  were 
produced.  The  root-fibres  were  fleshy  and  succulent.  No  root 
swellings  or  nodules  were  found. 

In  pot  2,  with  the  lupin-soil-extract  seeding,  there  was,  on  the 
other  hand,  a  very  great  development  of  root.  Branches  were  thrown 
out  throughout  the  whole  length ;  and  at  their  ends  masses  of  fleshy 
fibrils  were  formed,  which  were  thickly  coated  with  root-hairs.     On  the 
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main  root  of  one  plant,  3  inches  down,  there  was  a  large  swelling  or 
nodule  the  size  of  a  field  bean ;  4  inches  lower  there  were  three  smaller 
ones  on  a  side  branch ;  10  inches  down  there  were  three  as  large  as 
peas ;  and  lower  still  there  was  another  small  swelling,  more  like  the 
nodules  found  on  other  plants.  The  other  plant  had  less  root  growth. 
One  and  a  half  inch  down  there  was  a  swelling  the  size  of  a  small  pea ; 
and  4|  inches  lower  there  were  three  swellings,  one  as  large  as  a  bean, 
and  the  others  about  the  size  of  a  vetch  seed.  These  swellings  on  the 
lupin-roots,  which  were  all  on  the  main  roots  or  thicker  branches,  are 
very  diflTerent  in  appearance  from  the  nodules  on  the  pea  and  vetch- 
roots.  They  are,  as  described,  swellings,  incasing  the  root  where  they 
grow. 

In  pot  3,  also  with  the  lupin-soil-extract  seeding,  one  plant 
developed  an  immense  amount  of  branching  root,  with  a  great  deal  of 
root-fibre,  which  extended  throughout  the  whole  soil,  but  to  a  greater 
degree  in  the  lower  than  in  the  upper  half  of  the  pot.  The  main  root 
was  woody  near  the  top.  The  lower  root-fibres  were  fleshy,  and  thickly 
coated  with  root-hairs.  There  were  several  swellings  or  nodules  on 
the  main  root  below  5  inches ;  and  lower  down,  on  a  root-branch,  there 
were  several  swellings ;  there  being  in  all  twelve  on  this  plant.  On  the 
smaller  and  more  meagrely  rooted  plant,  about  10  inches  down,  there 
were  also  two  bunches  of  small  nodules,  and  three  single  nodules ;  and 
a  little  lower,  on  a  side  branch,  another  small  nodule. 

With  regard  to  the  great  development  of  root-hairs  on  the  fine 
fibrils  of  the  roots  in  both  pots  2  and  3,  with  quartz  sand  and  soil- 
extract  seeding,  it  may  be  supposed  that  this  was  an  effort  to  acquire 
mineral  nutriment,  in  quantity  commensurate  with  the  large  amount  of 
nitrogen  fixed,  and  so  rendered  available  to  the  plant. 

In  pot  4,  with  the  lupin-soil  itself,  the  distribution  of  root  was  very 
different  from  that  in  pots  2  and  3,  with  the  soil-extract  only.  The 
main  root,  at  a  depth  of  2  inches,  threw  out  many  thread-like  branches, 
at  the  end  of  each  of  which  there  was  a  bundle  of  fine  fibre.  The 
lower  fibres  became  thicker,  and  were  white  and  fleshy ;  but  they  were 
without  the  marked  development  of  root-hairs  observed  in  such 
abundance  in  pots  2  and  3.  Most  of  the  root  was  within  six  inches  of 
the  surface,  and  there  seemed  to  be  none  below  14  inches.  One  to  two 
inches  from  the  surface,  there  were  swellings  on  the  main  roots,  which 
were  less  raised,  but  more  spreading,  than  those  on  the  roots  in  pots  2 
and  3.     There  were  also,  on  one  side  branch,  six  very  small  nodules. 

To  sum  up  in  regard  to  the  yellow  lupins  :  Under  the  influence  of 
the  lupin-soil-extract  seeding,  the  above-ground  growth  was  not  only 
very  luxuriant,  but  the  plants  developed  great  maturing  tendency, 
flowering  and  seeding  freely.  The  development  of  the  roots  generally, 
and  that  of  swellings  or  nodules  on  them,  were  also  very  marked  ;  and 
there  can  be  no  doubt  that  the  gain  of  nitrogen  will  be  found  to  be 
very  large.  In  pot  4,  with  the  lupin-sand  itself,  which  would  supply  a 
not  immaterial  amount  of  combined  nitrogen,  although  the  growth  was 
normal,  it  was,  both  above-ground  and  within  the  soil,  very  much  less 
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than  in  the  pots  with  soil-extract  only ;  and  the  development  of  nodules 
was  also  less.  It  is  possible  that  the  less  growth  in  the  lupin-sand 
itself,  than  in  the  quartz-sand  with  soil-extract  only,  was  partly  due  to 
the  much  less  porosity  of  the  lupin-soil,  especially  when  watered.  At 
toy  rate,  the  results  with  the  soil-extract  only  are  very  remarkable. 

The  Experimmta  with  Red  Clover,  in  1889-'90. 

As  the  main  growth  of  red  clover  is  in  the  second  year,  the  four 
pots  of  it  were  left  for  this  year's  growth.  There  is,  therefore,  at 
present  but  little  of  definite  result  available,  but  there  are  some  points 
of  mterest  to  notice. 

A  photograph  of  the  plants  taken  on  September  28  (1889),  showed 
that  the  above-ground  growth  in  pot  1,  without  soil-extract,  was 
decidedly  more  than  in  either  pots  2  or  3  with  it ;  and  from  the  amount 
of  growth  that  has  since  developed  it  is  pretty  certain  that  there  is 
more  than  will  be  accounted  for  by  the  amount  of  nitrogen  supplied  in 
the  seed  sown.  As  the  soil-extract  seeding  in  pots  2  ana  3  appeared  to 
he  without  effect,  a  second  amount  of  extract,  this  time  from  garden 
soil  where  clover  was  growing  well,  was  applied  to  pot  2  on  September 
4 ;  hut  to  pot  3  there  was  added  instead,  a  solution  of  calcium  nitrate, 
and  this  application  was  continued  up  to  December  6,  when,  in  all,  0*23 
gram  of  nitrogen  had  been  so  applied. 

The  effect  of  the  nitrate  was  almost  at  once  very  striking ;  there 
being  considerably  increased  growth,  and  coincidently,  increased  depth 
of  green  colour.  It  was  not,  however,  until  many  weeks  later  that  the 
growth  in  pot  2,  to  which  a  second  application  of  soil-extract  had  been 
made,  became  at  all  marked. 

Two  cuttings  have  been  taken  from  each  of  the  four  pots,  and  the 
indication  so  far  is  that,  in  all,  more  dry  substance  has  been  produced 
in  pot  2,  with  the  second  application  of  soil-extract,  than  in  pot  3  with 
the  nitrate.  It  remains  to  be  seen  what  will  be  the  final  result.  It 
should  be  added,  and  it  is  significant,  that  the  amount  of  produce  cut 
from  pot  4,  with  garden  soil,  is  many  times  as  much  as  that  from  either 
of  the  other  pots. 

The  Eayterimenis  mth  Lucerne,  in  1889-'90. 

In  the  case  of  lucerne,  as  in  that  of  red  clover,  the  main  growth  is 
subsequent  to  the  first  year,  and  hence  the  plants  were  left  for  further 
growth,  indeed  they  are  still  growing. 

The  application  of  garden-soil-extract  to  the  lucerne  appeared  to  be 
entirely  without  effect  up  to  the  beginningof  September  (1889);  the  plants 
in  pot  1  without  soil-extract,  and  those  in  pots  2  and  3  with  it,  showing 
no  difference,  and  apparently  no  progress.  On  September  4,  therefore, 
pot  2  was  re-seeded  with  soil-extract,  this  time  from  a  soil  growing 
lucerne ;  but  to  pot  3  a  solution  of  calcium  nitrate  was  added  instead, 
and  the  application  has  been  continued  at  intervals.  As  with  the 
clover,  so  with  the  lucerne^  the  application  of  nitrate  to  pot  3  very  soon 
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showed  marked  effect ;  and  a  photograph  taken  on  December  23  shows 
that  there  was,  up  to  that  date,  considerably  increased  growth,  and 
this  has  continued  up  to  the  present  time.  For  many  weeis,  however, 
the  second  application  of  soil-extract  was  without  any  apparent  effect, 
but  subsequently  there  has  been  increased  growth,  and  increased  depth 
of  green  colour. 

In  pot  1,  without  soil-extract,  the  growth  has  been  stationary  since 
the  first  few  weeks  after  sowing,  and  no  cutting  has  been  taken.  From 
pot  2,  with  the  repeated  soil-extract  seeding,  a  cutting  was  taken  on  June 
24  (1890) ;  and  from  pot  3  with  the  nitrate,  and  from  pot  4  with  the 
garden  soil,  cuttings  were  taken  on  March  4,  and  on  June  24.  At 
present  there  has  been  rather  more  produce  removed  from  pot  3  with 
the  nitrate,  than  from  pot  2  with  the  soil-extract ;  but  from  pot  4,  as 
in  the  case  of  the  clover,  the  garden  soil  has  yielded  considerably  more 
than  either  the  soil-extract  or  the  nitrate. 

Again,  therefore,  we  have  illustrated,  the  influence  of  soil  supply  of 
combined  nitrogen  on  the  growth  of  a  leguminous  plant ;  the  result 
being  very  marked  whether  the  supply  was  as  ready  formed  nitrate,  or 
in  the  condition  of  combination  and  association  with  other  constituents 
as  in  rich  soil.  Not  that  there  is  any  want  of  abundant  evidence 
showing  that  Leguminosse  do  take  up  nitrogen  largely  as  nitrate  ; 
but,  in  view  of  recent  results  showing  fixation  under  the  influence  of 
micro-organism  seeding,  it  seems  to  be  assumed  by  some  that  these 
plants  probably  depend  for  their  nitrogen  exclusively  on  such  agency. 

DIFFERENCE  IN  THE  EXTERNAL  CHARACTER  OF  LEGUMINOUS 

ROOT-NODULES. 

The  descriptions  which  have  been  given,  have  shown  that  the 
external  appearance,  and  the  distribution,  of  the  root  nodules,  were 
very  different  in  the  case  of  the  peas,  the  vetches,  and  the  lupins.  In 
that  of  the  peas  there  were  many  of  what  may  be  called  agglomerations 
of  nodules,  and  comparatively  few  single  ones  distributed  on  the  root- 
fibres.  On  the  roots  of  the  vetches,  there  were  comparatively  few 
agglomerations  or  bunches,  and  more  single  nodules,  pretty  widely 
distributed  along  the  root-fibres.  The  lupin  roots,  on  the  other  hand, 
showed  tubercular  developments  very  different  from  those  on  either  the 
pea  or  the  vetch  roots.  Indeed,  at  the  period  of  examination,  that  is 
when  the  plants  were  nearly  ripe,  two  apparently  distinct  kinds  were 
observed  ;  one  of  which,  the  most  prevalent,  has  been  spoken  of  as 
"swellings,"  and  the  other  as  "noduless."  The  "swellings"  were 
chiefly  on  the  main  roots  or  the  thicker  branches ;  where  they  grew 
they  encased  the  root  entirely,  and  they  had  a  shining  and  presumably 
impervious  skin.  The  "  nodules,"  on  the  other  hand,  were  chiefly  single, 
small,  and  distributed  on  the  root-fibres. 

Assuming  that  the  so-called  "swellings"  (with  their  contents),  on 
the  roots  of  the  lupins  were  the  bodies  which  had  exercised  the 
functions  of  the  "  nodules  "  found  on  the  roots  of  the  other  plants,  it 
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is  to  be  concluded  that,   after  the  very  luxuriant  growth,  and  the 
flowering  and  seeding,  their  function  was  so  far  at  an  end,  and  they  had 
become  suberised.       The  other  bodies  on  the  lupin  roots,  distinguished 
in  the  detailed  description  as  **  nodules,*'  indicated  too  meagre  develop- 
ment to  have  had  much  share  in  the  great  amount  of  assimilation  that 
had  been  accomplished.       On  the  other  hand,  the  '*  swellings  "  which, 
as  has  been  said,  were  all  on  the  main  roots  or  thicker  branches,  were 
certaiuly  very  characteristic  of  the  roots  of  the  lupin  plants  which 
attained   the  greatest  growth;   and,  assuming  that  they  with  their 
contents  were  really  the  effective  bodies,  it  must  be  supposed  that  they 
had  been  formed   where   they  were  found  whilst  the  root  was  still 
young,  and  had  grown  with  its  growth.       In  favour  of  this  supposition 
iB  the  fact  that  the  increased  growth  from  the  soil-extract  seeding 
commenced  quite  early  in  the  life  of  the  plants. 

The  nodules  on  the  roots  of  lucerne  growing  in  the  field  were 
observed  at  different  periods  of  the  season  in  1887,  and  again  quite 
recently  on  plants  taken  from  the  field  for  that  purpose.  They  are 
quite  different  in  general  external  character  from  those  on  any  of  the 
other  plants  that  have  been  examined  at  Rothamsted.  Instead  of  being 
more  or  less  rounded,  they  have  more  the  appearance  of  shoots  or  buds, 
mach  longer  than  broad,  sometimes  single,  but  more  often  divided,  or 
branched ;  there  being  generally  two  or  three,  and  sometimes  as  many 
as  twenty,  or  even  many  more,  in  a  bunch,  joined  at  the  base.  They 
have,  80  far,  not  been  observed  on  the  main  root,  but  only  on  the  root- 
fibres,  and  less  near  the  surface  than  within  the  range  of  the  subsoil. 
In  some  cases  such  a  tuft  or  bunch  will  be  at  the  end  of  a  fine  fibre,  by 
which  it  is  connected  with  the  main  root.  As  the  season  advances 
these  bodies  become  shrivelled,  and  are  in  fact  empty  shells. 

Among  the  Leguminosse  growing  in  the  mixed  herbage  of  grass  land, 
in  1868  nodules  were  observed  on  the  root-fibres  of  Lathyrus  pratensta, 
especially  near  the  surface  of  the  soil ;  on  the  ultimate  root-fibres  of 
TrifoKum  pratense,  and  on  the  smaller  rootlets  of  Trifolium  repens. 

In  the  case  of  red  clover  growing  in  rotation  on  arable  land,  an 
abundance  of  nodules  has  been  found,  both  near  the  surface  and  at  a 
considerable  depth.  They  are  generally  more  or  less  globular  or  oval. 
Some  found  on  the  main  roots  were  more  like  "  swellings "  than 
attached  tubercles,  not,  however,  encasing  the  root,  but  only  on  one 
side.  The  greater  number  are,  however,  small,  and  distributed  chiefly 
on  the  root-fibres.  Evidence  is,  however,  needed,  as  to  any  difference 
in  character,  or  relative  prevalence,  at  different  periods  in  the  life  and 
growth  of  the  plant,  and  under  different  conditions  of  soil,  both  so  far 
as  mechanical  state  and  porosity,  and  richness  or  otherwise  in  available 
supplies  of  combined  nitrogen,  are  concerned.  To  these  points  I  shall 
refer  again  presently. 

HOW  IS  THE  FIXATION   OF  NITROGEN   TO  BE  EXPLAINED  ? 

Beviewing  the  whole  of  the  results  which  have  been  brought 
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forward,  there  can  be  no  doubt  that  they  are  abundantly  confirmatory 
of  those  obtained  by  Hellriegel  and  Wilfarth,  and  that  the  fact  of  the 
fixation  of  free  nitrogen  in  the  growth  of  Leguminosae  under  the  influ- 
ence of  suitable  microbe  infection  of  the  soil,  and  of  the  resulting 
nodule  formation  on  the  roots,  may  be  considered  as  fully  established. 

It  may  be  added,  that  B.  Frank  has  continued  his  experiments  on 
this  subject ;  further  that,  in  1 888,  both  M.  Berthelot  and  M.  Br^ 
made  various  experiments  with  Leguminosse,  and  that  their  results  also 
confirm  those  of  Hellriegel  and  Wilfarth. 

Admitting,  then,  the  fact  of  fixation  under  the  conditions  described, 
the  question  still  remains,  how  is  it  to  be  explained  ?  Unfortunately, 
there  is  much  yet  to  learn  before  a  satisfactory  answer  can  be 
given.  Obviously  we  must  know  more  of  the  nature  and  mode  of 
life  of  the  organisms  which,  in  symbiosis  with  the  leguminous 
plant,  bring  about  the  fixation  of  free  nitrogen,  before  the  nature  of  the 
action  can  be  understood.  As  to  the  mode  of  life  of  these  bodies,  we 
owe  much  to  the  investigations  of  Marshall  Ward,  Prazmowski, 
Beyerinck,  and  others ;  but  the  facts  which  they  have  established  so 
far,  are  insufficient  to  afford  an  adequate  explanation  of  the  phenomena 
involved. 

It  is,  I  think,  a  point  of  importance  that  it  should  be  established,  as 
it  appears  to  be,  that  in  the  development  of  the  parasite  the  cortex  of 
the  root  of  the  host  is  penetrated,  and  so  an  intimate  connexion 
between  the  two,  indeed  a  symbiosis,  is  set  up.  Then  there  is 
abundant  evidence  that  the  nodules  are  very  rich  in  nitrogen.  So  far 
as  the  facts  at  command  go,  it  would  seem  that,  in  certain  stages  of 
their  development,  their  dry  substance  may  contain  a  much  higher 
percentage  of  nitrogen  than  that  of  any  part  of  the  growing  plant 
itself;  and,  in  some  cases  at  any  rate,  even  higher  than  in  that  of  the 
highly  nitrogenous  leguminous  seed. 

Whence  comes  this  nitrogen  ]  The  views  of  those  who  have 
studied  the  histology  and  biology  of  the  subject,  without  reference  to 
quantitative  chemical  data,  do  not  seem  to  be  very  clear  or  definite  on 
the  point.  Thus,  it  has  been  assumed  that  the  bacteria  acquire  their 
nutriment,  including  their  nitrogen,  from  the  protoplasmic  cell-contents 
of  the  higher  plant ;  and  that,  on  the  other  hand,  the  contents  of  the 
bacteroid  cells  are  resorbed.  In  other  words,  the  plant  utilises  the 
substance  of  the  bacteroids.  It  is  obvious,  however,  that  so  far  as  the 
nitrogen  of  the  bacteria  is  derived  from  the  plant  itself,  the  latter  is 
not  a  gainer  in  a  quantitative  sense  by  its  resorption. 

It  has  further  been  assumed,  that  the  activity  of  the  process 
depends  on  the  quantity  of  the  nitrogenous  compounds  at  the  disposal 
of  the  roots ;  the  tubercles  developing  unhindered,  and  becoming  large 
and  typical,  in  a  soil  rich  in  nitrogen,  but  attaining  no  great  size  in 
poorer  soils.  The  source  of  the  nitrogen  of  the  bacteria  is  here 
supposed  to  be  combined  nitrogen  in  the  soil.  The  experimental 
results  which  have  been  described  clearly  show,  however,  that  the 
nodules  may  develop  very  plentifully  in  a  nitrogen-free  soil,  and  that 


ON  THE  FIXATION  OF  FREE  NITROGEN.  2S 

there  may,  under  such  conditions,  be  great  gain  of  nitrogen  if  only  the 
soil  be  suitably  infected. 

It  is  at  the  same  time  stated,  that  no  decision  is  arrived  at  as  to 
whether  the  nitrogen  comes  from  nitrogen-compounds,  or  from  the  free 
nitrogen  of  the  air,  nor  as  to  what  advantage  accrues  to  the  bacteria 
and  to  the  host  plant  respectively.  It  is,  however,  also  stated,  that  the 
bacteria  feed  on  the  sap  and  cell-contents,  whilst  the  plant  obtains 
iiitax)gen  by  means  of  the  bacteria.  But,  as  I  have  already  said,  i,f  the 
nitrogen  of  the  bacteria  is  derived  from  the  plant,  it  will  itself  be  no 
gainer  by  resorbing  it.  Nor  would  there  be  any  sach  actual  gain  of 
nitrogen  in  nitrogen-free  soils  as  there  undoubtedly  is,  if  the  source  of 
the  nitrogen,  either  of  the  parasite  or  of  the  host,  were  essentially  the 
sapi^es  of  combined  nitrogen  within  the  soil. 

Further,  one  assumption  is,  that  the  organisms  become  distributed 
in  the  soil,  both  during  the  life  of  the  host  and  afterwards,  and  that 
^e  fixation  takes  place  under  their  agency  within  the  soil  itself,  rather 
than  in  the  course  of  the  development  of  the  bacteria  in  symbiosis  with 
the  higher  plant.  Another  assumption  js,  that  the  fixation  takes 
pbce  in  the  soil  itself  under  the  influence  of  microbes  existing  within 
1^  and  that  the  higher  plant  assimilates  the  resulting  combined 
nitrogen.  As  bearing  upon  these  points  it  may  be  observed  that,  in  the 
experiments  with  peas  in  1888,  there  was  practically  no  gain  of  nitrogen 
within  the  soil  itself,  which  it  may  be  supposed  there  would  have  been 
if  the  fixation  had  taken  place  within  it,  and  the  host  had  acquired  its 
gain  from  the  compounds  there  produced.  Indeed,  the  evidence  at 
present  at  command  certainly  does  not  point  to  the  conclusion  that  the 
gain  of  nitrogen  by  LeguminossB  under  the  influence  of  microbe  infection 
of  the  soil,  and  nodule  formation,  is  due  to  fixation  by  organisms 
within  the  soil  itself,  independently  of  the  symbiotic  life.  It  is 
admitted,  however,  that  further  evidence  is  needed  on  the  point. 

It  is  obvious,  too,  that  so  far  as  free  nitrogen  may  be  fixed  by 
microbes  within  the  soil  independently  of  connection  with  a  higher 
plant,  the  resulting  nitrogenous  compounds  should,  directly  or  in- 
directly, be  available  to  plants  generally,  whether  leguminous  or  non- 
legominous. 

On  this  point  it  may  be  remarked  that  about  thirty  years  ago 
Boossingault  concluded,  from  the  results  of  vegetation  experiments 
inade  in  1858  and  1859,  in  mixtures  of  rich  soil  and  sand,  that  free 
nitrogen  had  been  fixed  within  the  soil  by  the  agency  of  mycodermic 
yegetation,  and  that  the  nitrogenous  products  which  remained  within 
it  were  largely  in  the  form  of  organic  detritus.  Subsequently,  however,  he 
considered  that  there  was  not  satisfactory  evidence  that  free  nitrogen  is 
fixed  within  the  soil  under  the  influence  of  the  development  of  lower 
organisms.  It  is  of  interest  to  observe,  however,  that  those  of  his 
fesolts  in  1858  and  1859  which  showed  any  material  gain  of  nitrogen, 
either  in  the  vegetable  matter  grown  or  in  the  soil,  were  obtained  with 
i^gummoBa ;  and  that,  in  the  case  in  which  there  was  the  greatest  gain 
in  the  plants  themselves,  he  records  that  there  were  numerous  tubercles 
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on  their  roots.  In  one  other  case,  in  which  however  only  sand  was 
used  as  soil,  and  the  gain  in  the  plant  was  but  small,  he  also  observed 
tubercles  on  the  roots.  In  the  other  cases  of  gain  no  mention  is  made 
of  tubercles,  and  it  may  be  that  the  roots  were  not  so  examined  as  to 
determine  whether  they  existed  or  not.  It  is,  at  any  rate,  very  signifi- 
cant, when  viewed  in  the  light  of  recently  acquired  knowledge,  that  in 
all  the  cases  of  gain  the  plants  grown  were  of  the  leguminous  family, 
and  that  in  some  of  them  nodules  were  observed  on  the  roots. 

On  the  other  hand,  Berthelot  considers  that  he  has  experimentally 
proved  the  fixation  of  free  nitrogen  by  the  agency  of  microbes  within 
the  soil,  both  in  the  absence  of  higher  vegetation,  and  also  coincidently 
with  the  growth  of  non-leguminous  plants.  He  further  considers  that 
such  fixation  takes  place  to  an  extent  which  would  be  an  important 
source  of  nitrogen  to  our  crops.  Whether  or  not  this  experimental 
result  be  eventually  confirmed,  it  may  safely  be  said,  that  neither 
experience  in  practical  agriculture,  nor  the  nitrogen  statistics  of  soils 
and  crops,  points  to  the  conclusion  that  our  Tum-leguminous  crops  do 
acquire  nitrogen  rendered  available  by  the  fixation  of  free  nitrogen 
under  the  agency  of  microbes  within  the  soil  independently  of 
leguminous  growth,  or  at  any  rate  that  they  do  so  in  any  material 
degree. 

In  1888,  however,  Berthelot  made  numerous  experiments  with 
Leguminosse,  and  in  many  of  them  he  found  very  large  ^ns  of 
nitrogen;  indeed  a  much  higher  range  of  gain  than  in  his  other 
experiments.  That  there  should  be  large  gain  under  such  conditions  is 
quite  consistent  with  the  results  which  have  been  recorded  of  the 
experiments  made  at  Rothamsted  in  1888  and  since,  with  Leguminosss; 
and,  like  them,  Berthelot's  results  contribute  to  the  confirmation  of 
those  of  Hellriegel  and  Wilfarth.  Further,  these  results  of  Berthelot, 
like  those  obtained  at  Rothamsted  and  by  others  with  leguminous 
plants,  are  consistent  with  well  established  facts  of  agricultural 
production,  and  with  the  nitrogen  statistics  of  soils  and  crops,  and 
serve,  with  them,  to  aid  the  solution  of  long  recognised  problems  in 
connection  with  the  growth  of  Leguminous  crops. 

But,  whether  or  not  it  may  eventually  be  established  that  nitrogen 
is  fixed  by  microbes  within  the  soil  independently  of  leguminous  growth, 
there  is  evidence  that  in  soils  and  subsoils  containing  organic  nitrogen, 
lower  organisms  may  serve  the  higher  plants,  by  taking  up,  or 
attacking  and  bringing  into  a  more  readily  available  condition, 
combined  nitrogen  not  otherwise,  or  only  very  slowly,  available  for  the 
higher  plants.  For  example,  it  is  probable  that  Fungi  generally, 
derive  nitrogen  from  organic  nitrogen;  and  in  the  case  of  those  of 
Fairy  Rings  there  can  be  little  doubt  that  they  take  up  from  the  soil 
organic  nitrogen  which  is  not  available  to  the  meadow  plants,  and  that, 
on  their  decay,  their  nitrogen  becomes  available  to  the  associated 
herbage.  Then  in  the  case  of  the  fungus  mantle  observed  by  Frank 
on  the  roots  of  certain  trees,  it  may  be  supposed  that  the  fungus  takes 
up  organic  nitrogen,  and  so  becomes  the  medium  of  the  supply  of  the 
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soil  nitrogen  to  the  plant.  More  pertinent  still  is  the  action  of  the 
nitrifying  organisms  in  rendering  the  organic  nitrogen  of  the  soil 
and  subsoil  available  to  the  higher  plants.  It  may  well  be  supposed, 
therefore,  that  there  may  be  other  cases  in  which  lower  organisms 
may  serve  the  higher,  by  bringing  into  a  more  available  condition 
the  combined  nitrogen  already  existing,  but  in  a  comparatively  inert 
state,  in  soils  and  subsoils. 

As  to  the  undoubted  fixation  of  free  nitrogen  in  the  growth  of 
leguminous  crops  under  the  influence  of  suitable  microbe  infection,  and 
of  the  development  of  nodules  on  the  roots  of  the  plants,  the 
alternative  explanations  seem  to  be  : — 

1.  That  the  plant  is  enabled,  under  the  conditions  of  the 
symbiosis,  to  fix  the  free  nitrogen  of  the  atmosphere  by  its  leaves. 

2.  That  the  organisms  become  distributed  within  the  soil  and 
there  fix  free  nitrogen  ;  the  resulting  nitrogenous  compounds  becoming 
available  as  a  source  of  nitrogen  to  the  roots  of  the  higher  plant. 

3.  That  free  nitrogen  is  fixed  in  the  course  of  the  development  of 
the  organisms  within  the  nodules,  and  that  the  resulting  nitrogenous 
compounds  are  absorbed  and  utilised  by  the  host. 

It  seems  to  me  that  the  balance  of  the  evidence  at  present  at 
command  is  much  in  favour  of  the  third  mode  of  explanation. 

It  must  be  admitted,  however,  that  more  evidence  is  needed  as  to  the 
mode  of  life  of  the  parasite,  especially  having  regard  to  the  surrounding 
media.  The  subject,  in  various  aspects,  is  being  further  investigated 
at  Rothamsted.  Experiments  have  been  made  or  are  in  progress  to 
determine  the  amount  of  gain,  if  any,  under  the  influence  of  soil- 
extract  seeding,  in  the  case  of — peas,  beans,  vetches,  lupins,  white 
clover,  red  clover,  sainfoin,  and  lucerne.  It  is  obvious,  however,  that 
in  the  case  of  experiments  conducted  with  a  view  to  the  analysis  of 
the  final  products  of  growth,  no  examination  of  the  roots  of  the 
plants,  and  of  the  nodule-formation  on  them,  can  take  place  until  the 
conclusion  of  the  experiment.  Accordingly,  a  series  of  experiments 
has  this  year  been  arranged,  in  such  manner  as  to  admit  of  the  careful 
examination  of  the  roots  at  successive  periods  of  the  growth  of  the 
plants.  The  same  eight  descriptions  of  leguminous  plant  as  above 
enumerated  are  thus  under  experiment.  Each  is  grown  in  a  com- 
paratively pure,  but  unwashed  and  unsterilised  sand,  with  soil-extract 
added ;  and  also  in  a  mixture  of  rich  garden  soil  and  sand.  It  is 
obvious  that,  under  such  conditions,  any  difference  in  the  character  of 
the  development  of  the  roots,  or  of  the  nodules  on  them,  on  the  one 
hand  in  an  almost  nitrogen-free  but  duly  infected  soil,  and  on  the  other 
in  one  rich  in  compounds  of  nitrogen,  can  advantageously  be  studied. 

OF  WHAT  IMPORTANCE  TO  AGRICULTURE    IS  THE  NEWLY-ESTABLISHED 
SOURCE  OF  NITROGEN  TO  LEGUMINOUS  CROPS  ? 

The  question  yet  remains : — What  is  the  practical  importance  of 
this  newly-established  source  of  nitrogen  to  the  LeguminossB;  considered 
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in  its  bearing  on  the  known  facts  of  Agricultural  production,  and 
especially  on  the  question  of  the  sources  of  the  nitrogen,  not  only  of 
Le^minous  crops  themselves,  but  of  crops  generally  1  Unfortunately, 
as  m  the  matter  of  the  explanation  of  the  action  by  which  the  nitrogen 
is  fixed,  there  is  much  yet  to  learn,  before  a  satisfactory  answer  can  be 
given.    Still  it  may  be  well  to  report  progress. 

In  our  recent  paper  in  the  "  Philosophical  Transactions  "  (Vol.  180  B), 
we  said  that  whilst  experience,  whether  practical  or  experimental,  did 
not  point  to  an  unsolved  problem  in  the  matter  of  the  sources 
of  the  nitrogen  of  the  agricultural  plants  of  other  families,  it 
was  quite  otherwise  so  far  as  those  of  the  Leguminosse  were  concerned. 
It  is  true  that  both  agricultural  investigation,  and  direct  vegetation 
experiment,  have  clearly  shown  that  Leguminosas  do  take  up  much 
soQ-nitrogen,  and,  at  any  rate  in  great  part,  as  nitrate.  But  it  was 
admitted  that,  in  some  cases,  there  was  no  evidence  to  justify  the 
conclusion  that  the  whole  of  the  nitrogen  had  been  so  derived; 
and  hence,  that  some  other  explanation  of  the  large  amounts 
assimilated  was  needed. 

It  has  been  seen  that  the  balance  of  experimental  evidence 
is  against  the  supposition  that  the  higher  plants  growing  under 
sterilised  conditions  can  assimilate  free-nitrogen.  But,  it  is  now 
established  that,  at  any  rate  in  the  case  of  some  leguminous  plants, 
thev  may  acquire  nitrogen  coincidently  with  the  development  on 
their  roots  of  tubercular  bodies  with  bacteroid  contents;  and  the 
evidence  points  to  the  conclusion,  that  it  is  the  lower  organisms,  and 
not  the  higher  plants,  that  ^x  free  nitrogen. 

It  has  been  stated  that  the  characteristic  nodules  have  been  found 
on  the  roots  of  various  Leguminosse  growing  among  the  mixed  herbage 
G(f  grass-land,  and  also  on  those  of  others  growing  on  arable  land,  in 
the  ordinary  course  of  agriculture.  It  has  been  suggested,  that  when 
such  plants  are  growing  in  soil  and  subsoil  containing  an  abundance  of 
combmed  nitrogen,  lower  organisms  may  serve  the  higher,  at  any  rate 
in  part,  by  bringing  the  already  combined  nitrogen  of  the  soil  and 
subsoil  into  a  more  readily  available  condition.  But,  so  far  as  free 
nitrogen  may  be  brought  into  combination,  the  question  arises — under 
what  conditions  will  this  action  come  the  more  or  the  less  into  playl 

As  bearing  upon  this  subject,  it  may  be  stated  that,  in  experiments 
with  beans,  Professor  Vines  found  that  the  formation  oif  nodules  on  the 
roots  was  very  much  reduced,  if  not  only  accidental,  when  the  plants 
were  liberally  supplied  with  nitrate.  Again,  in  some  of  the  experi- 
ments at  Bothamsted  which  have  been  described,  there  was  a  less 
development  of  nodules  when  the  soil  contained  an  abundance  of 
combined  nitrogen.  On  the  other  hand,  some  observers  have  con- 
cluded that  the  development  of  the  nodules  is  the  greater,  the  greater 
the  supply  of  nitrogenous  compounds  at  the  disposal  of  the  roots ; 
and,  in  some  of  the  experiments  at  Rothamsted,  this  has  undoubtedly 
been  the  case.  It  is  admitted,  however,  that  further  evidence  is 
required  on  the  point,  and  it  is  believed  that  the  experiments  now  in 
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progress,  to  which  reference  has  been  made,  will  afford  some  definite  in- 
formation on  the  subject. 

It  wonld  seem  not  improbable   that  different  Leguminosse  may 

behave  differently  in  this  respect.       Should  this  prove  to  be  the  case, 

and  supposing  it  be  established  that  fixation  of  free  nitrogen  is  always 

a  coincident  of  the  nodule  development,  it  would  be  concluded  that 

when  nodules  develop  abundantly  on  the  roots  of  Leguminous  plants 

growing  in  soil  rich  in  readily  available  combined  nitrogen,  the  nitrogen 

udmilation  will  be  largely  due  both  to  soil  nitrogen  and  to  fixation.    On 

the  other  hand,  it  is  clear,  as  in  the  case  of  the  experiments  with 

yellow  lupins  growing  in  nitrogen-free  but  duly-infected  sand,  for 

example,   that   the  nitrogen  assimilation  may  be   very  large  in  the 

absence  of   any  initial  soil  supply  beyond  that  in  the   seed   sown. 

Obyiously  in  such  a  case  the  assimilation  will  be  almost  entirely  due  to 

fixation. 

Should  the  results  of  further  investigation  and  observation  confirm 
the  indication  that  on  the  roots  of  some  Leguminosae  nodules  develop 
the  more,  and  that  there  is  coincidently  a  greater  gain  of  nitrogen  due 
to  fixation,  the  richer  the  soil  in  available  combined  nitrogen,  whilst 
with  others  it  is  not  so,  or  that  there  is  at  any  rate  great  gain  without 
BQch  soil  supply,  it  is  obvious  that  the  proportion  in  which  a  leguminous 
crop  will  derive  its  nitrogen,  on  the  one  hand  from  soil  supplies  of 
combined  nitrogen,  and  on  the  other  from  fixation  under  the  influence 
of  the  symbiotic  life,  may  be  very  different,  according  to  the  peculiari- 
ties of  the  particular  description  of  plant,  and  to  the  characters  of  the 
soil  as  to  available  supply  of  combined  nitrogen,  mechanical  condition, 
and  due  infection. 

SUMMARY  AND  CONCLUSION. 

There  is  no  evidence  that  the  leguminous  plant  itself  assimilates 
free  nitrogen.  The  evidence  at  present  at  command,  is  in  favour  of 
the  supposition  that  the  observed  gain  is  due  to  the  fixation  of  nitrogen 
in  the  development  of  the  lower  organisms  in  the  root-nodules,  and 
that  the  nitrogenous  compounds  produced  are  taken  up  and  utilised  by 
the  leguminous  plant.  Further,  the  development  of  the  supposed 
nitrogen  fixing  bodies  is  obviously  dependent  on  due  infection  with 
organisms  essential  to  the  setting  up  of  the  symbiotic  life  in  the 
particular  leguminous  plant  to  be  grown. 

It  seems  probable  that,  in  the  growth  in  practical  agriculture  of 
leguminous  crops,  such  as  clover,  vetches,  peas,  beans,  lucerne,  &c.,  at 
uiy  rate  some,  and  in  some  cases  a  considerable  proportion,  of  the  large 
amount  of  nitrogen  which  they  contain,  and  of  the  large  amount  which 
they  frequently  leave  as  nitrogenous  residue  in  the  soil  for  future  crops, 
niay  be  due  to  free  nitrogen  so  brought  into  combination  by  the  agency 
of  lower  organisms. 

It  has  yet  to  be  determined,  under  what  conditions  a  greater  or  less 
proportion  of  the  total  nitrogen  of  the  crop  will  be  derived— on  the  one 
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hand  from  nitrogen-compounds  within  the  soil,  and  on  the  other  firom 
such  fixation. 

Incidentally  the  question  suggests  itself — how  far  the  failure  of 
red  clover,  or  of  other  leguminous  crops,  may  be  due  to  the  exhaustion 
of  the  organisms  necessary  for  nodule  development,  and  for  the  conse- 
quent fixation  of  free  nitrogen,  and  how  far  to  the  exhaustion  of 
combined  nitrogen  in  an  available  condition,  or  of  the  necessary  mineral 
constituents,  within  the  ran^e  of  the  roots  ? 

Assuming  it  to  be  established  that  a  considerable  proportion  of  the 
nitrogen  of  our  leguminous  crops  is  due  to  fixation  under  the  conditions 
supposed,  it  is  obvious  that  such  a  fact  will  not  only  serve  to  explain 
the  source  of  the  hitherto  unaccounted  for  amount  of  the  nitrogen  of 
those  crops  themselves,  but  it  will  also  aid  the  explanation  of  the 
source  of  the  increased  amount  of  nitrogen  which  other  crops  acquire, 
when  they  are  grown  in  association,  or  in  alternation,  with  Leguminosaa. 
Lastly,  it  will  help  to  explain  the  source  of  part  of  the  accumulated 
combined  nitrogen  within  our  soils,  and  the  comparatively  slow  exhaus- 
tion of  their  stores  of  it,  by  cropping,  drainage,  and  in  other  ways. 
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evaporation; 


Dr.  J.  H.  Gilbert  remarked  that  as  Mr.  Harrison  had  referred  to 
the  results  obtained  by  Sir  John  Lawes  and  himself,  and  had 
founded  important  estimates  npon  them,  they  thought  it  might 
be  of  interest  to  provide  further  data  than  had  been  already 
published,  and  they  had  accordingly  prepared  the  Tables  now 
exhibited,  Mr.  Harrison  had  referred  to  ten  years  of  percola- 
tion experiments ;  but  in  the  Tables  they  had  given  the  results  of 
twenty  years  up  to  last  autumn.  The  first  Table  showed,  for  each 
of  the  twenty  years,  the  amount  of  rain  in  inches,  the  percolation 
in  inches,  through  20,  40,  and  60  inches  of  soil,  and  the  comple- 
mentary amounts,  which  represented  evaporation ;  also  the  averages 
for  the  twenty  years.  In  the  second  Table  would  be  found  the 
average  for  each  month  of  the  year  over  the  twenty  years. 
The  results  were  given  for  harvest-years,  from  September  1st  to 
August  31st.  Not  only  was  that  method  of  computation  of  interest 
to  them  as  agriculturists,  but  he  thought  it  ought  to  be  adopted  by 
those  who  studied  the  question  of  drainage  from  other  points  of  view. 
Thus,  the  second  Table  showed  that  the  average  minimum  drainage 
^ni8  in  August ;  and  that  in  September  the  amount  began  to 
increase.  If  the  civil  year  were  taken  it  would  be  found  that  the 
^d  of  December  cut  the  drainage  in  the  middle  of  the  period  of 


^  The  ObaervatioDB  were  made  at  the  meeting  held  on  March  10,  1891,  in  the 
'^^ne  of  the  discuBsion  of  Mr.  J.  Thomhill  Harrison's  paper,  "  On  the  Subter- 
^vtetn  Water  in  the  Chalk  Formation  of  the  Upper  Thames,  and  its  Relation  to 
the  Supply  of  London." 
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^eatest  activity ;  whilst  marked  decline  cominenced  with  March, 
not  April,  the  point  of  civil  year  division.  For  other  purposes, 
therefore,  as  well  as  those  of  agriculture,  the  harvest-year  was 
more  appropriate  than  the  civil  year.  But  perhaps  he  ought  to 
sav  a  word  as  to  the  observations  of  Mr.  Symons,  who  had  called  in 
question,  more  or  less,  the  validity  of  the  whole  thing.  If,  as 
he  suggested,  there  was  material  drainage  between  the  soil  and  the 
walls,  the  results  were  of  course  of  very  little  value ;  but  Dr.  Gilbert 
thought  they  might  be  satisfied  that  the  soil  would  very  soon  settle 
sufficiently  close  to  the  wall  to  prevent  any  such  abnormal  action. 

Taking    the    average    of    the    twenty    years,    the    minimum 
drainage  was  in  August,  but  the  details  for  each  individual  year 
showed  that  it  was   frequently  before  August,  and  very  rarely 
after   it ;   and   the  recommencement  of  the  drainage   was   Tery 
seldom  in  August,  though  with  very  heavy  rain  they  might  have 
miich  drainage,  and  it  was  not  often  later  than  September.     If  the 
drainage-beds    had  been   covered   with   vegetation,  the   average 
minimum  drainage  would  be  earlier  than  August,  and  the  recom- 
mencement would  begin  later  than  September.     He  might  be 
permitted  to  call  attention  to  one  or  two  of  the  main  results. 
The  first  ten  years,  with  an  average  of  about  30  inches  of  rain, 
gave  13*21,  13*94,  and  12*17  inches,  according  to  the  depth  of 
soil,  viz.,  20,  40,  and  60  inches.     With  a  rather  less  rainfall  during 
the  second  ten  years  they  had  15*54,  16*38,  and  15*05  inches 
of  drainage.     That  was,  with  a  rather  less  rainfall  there  was  a 
larger  amount  of  drainage.     There  was  less  through  the  60  inches 
than  through  the  20  inches  of  soil.     One  vitiating  element  in 
experiments  of  this  kind  obviously  was  that  they  were  obliged 
to  cut  off  the  drainage  at  a  particular  point,  so  that  there  was  no 
possibility  of  a  return  upwards.     If,  however,  they  compared  the 
drainage  through  the  60  inches  with  that  through  the  20  inches, 
they  would  find  that  there  was  a  little  less  through  the  greater 
depth,  which  was  evidence  that  there  had  been  a  return  upwards 
below  the  point  at  which  it  was  cut  off  in  the  20-inch  gauge  ;  but 
the  fact  of  its  being  so  little  less,  he  thought,  showed  that  the 
conditions  were  not  very  wide  of  what  they  might  be  under  ordi- 
nary circumstances.     Then  as  to  the  larger  amount  of  drainage 
through   the  40-inch  gauge,  it  was  found  that  the  Bothamsted 
subsoil  was  exceedingly  variable,  and   they  were  able  to  judge 
from  the  composition  of  the  water  that  passed  through  it   that 
the  subsoil   in   the  40-inch  gauge  was  probably  more  gravelly, 
and  therefore  there  was  more  percolation ;  there  was,  moreover, 
with  more  drainage,  less  nitric  acid  in  it. 
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The  advantage  of  having  a  greater  number  of  yearsj  and 
full  details,  was  that  they  were  able  not  only  to  get  a  better 
average,  but  to  study  the  maxima  and  the  minima,  which  were  of 
the  greatest  importance,  especially  the  latter,  when  they  came  to 
consider  what  was  available  over  a  series  of  years.  It  would  be 
seen  by  the  first  Table,  that  in  1873-4,  with  a  rainfall  of  something 
under  22  inches,  the  drainage  was  only  5  *  74,  5  *  40,  and  3  *  94  inches. 
In  1879-80,  with  a  rainfall  also  between  21  and  22  inches,  the 
drainage  was  6*89,  7*39,  and  6 '50;  whereas,  in  1878-9,  with  a 
rainfall  of  41  inches,  the  drainage  was  24*44,  26*03,  and  24*38. 
In  1880-1,  with  a  rainfall  of  36*77  inches,  the  drainage  was  22*38, 
22*84,  and  21  -26  inches.  Thus,  within  the  harvest-year  they  might 
have  little  more  than  5  inches  of  drainage,  or  as  much  as  from  22  to 
25  or  26  inches.  Such  results  were  of  great  importance  to  study  wh^n 
considering  what  would  be  available  under  any  given  circumstances. 

The  details  further  showed  that  although  the  rainfall  obviously 
had  a  considerable  influence  upon  it,  the  amount  of  drainage  was 
by  no  means  proportional  to  the  rainfall,  but  depended  to  a 
great  extent  upon  the  distribution  as  well.  Thus,  to  give  a  very 
obvious  example,  if  they  had  a  given  amount  of  heavy  rain  during 
the  growing  period,  there  might  be  no  drainage  at  all ;  whilst 
the  same  quantity  during  the  winter,  when  there  was  no  vegeta- 
tion, and  little  evaporation,  might  give  a  very  large  propor- 
tion of  drainage.  The  drainage  was,  in  fact,  materially  affected 
by  the  distribution  of  the  rain,  and  the  drainage  and  evaporation 
were,  of  course,  complementary  to  one  another.  The  Table  showed 
that  taking  the  difference  between  rainfall  and  percolation  to 
represent  evaporation,  they  had  in  two  years  only  12  inches  of 
evaporation,  and  in  several  between  19  and  20  inches ;  so  that 
there  was  a  great  difference  in  that  respect  also.  According  to  the 
average  of  twenty  years,  with  rather  heavy  soil,  free  from  vegetation, 
it  might  be  said  that  the  drain-gauges  gave  about  14  inches.  It 
was  difficult  to  estimate  exactly  what  deduction  should  be  made  for 
vegetation.  A  large  proportion  of  any  area  that  they  had  to  con- 
aider  was  covered  with  vegetation.  Sir  John  Lawes  and  himself 
had  considered  that  the  minimum  amount  would  average  2  inches, 
M  in  the  case  of  downs  or  waste  lands,  where  there  was  very 
little  vegetation ;  whereas  with  a  heavy  grain-crop,  or  good 
niangel  crop,  there  might  be  an  evaporation  of  7  inches  or 
Dttore.  Taking  the  average  of  a  large  area  around  London, 
Partly  covered  with  vegetation  and  partly  bare,  over  a  number 
of  seasons,  they  thought  that  between  3  and  4  inches  should 
oe  deducted   from  the    14   inches  of  percolation,   so  leaving  10 
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or  11  inohoB.  Snppoeing  the  average  rainfall  to  be  abont 
30  inches  for  the  twenty  years,  that  left  about  19  or  20  inches 
for  eyaporation,  both  by  the  soil  and  by  vegetation.  This  agreed 
▼eiy  figiirly  with  the  results  of  Dr.  Evans  and  others.  Further, 
in  reference  to  the  interpretation  of  the  figures  which  he  had 
given,  it  should  be  observed  that  the  estimated  rainfall  of  the 
Chalk  district  was  about  27  inches.  The  rainfall  over  the  twenty 
years  at  Bothamsted  was,  however,  30  inches  by  the  large  one- 
thousandth  of  an  acre  gauge,  but  only  29  inches  by  the  5-inch 
gauge.  The  large  gauge  recorded  a  great  many  small  deposits 
which  could  not  be  measured  by  a  small  one ;  and  there  were  also 
some  other  irregularities.  But  if  they  used  the  same  kind  of 
gauge  as  that  by  which  the  observations  of  others  were  mostly  made, 
the  ordinary  5-inch  gauge,  the  result  would  be  29  inches,  whereas 
the  estimate  for  the  whole  district  was  only  between  26  and 
27  inches.  Hence  the  Bothamsted  results  to  which  he  had  referred 
probably  indicated  a  rather  exaggerated  amount  of  drainage  for 
the  whole  district. 

A  point  to  which  he  wished  particularly  to  call  attention 
was,  that  the  details — the  minima  as  well  as  the  averages — should 
be  studied,  if  they  were  to  form  any  trustworthy  conclusions  from 
such  results.  He  admitted  with  Mr.  Symons,  that  there  was  some- 
thing artificial  in  that  mode  of  estimating  the  drainage  of  a  district, 
but  he  knew  of  no  better.  He  had  received  a  memorandum  from 
Sir  John  Lawes,  calling  attention  to  two  or  three  particular 
points.  The  first  referred  to  the  fact  that,  within  a  mile  to  the 
eastward  of  the  gauges,  there  had  undoubtedly  been  a  river 
before  his  time,  and  to  the  westward  there  was  the  Yer,  which 
had  gone  down  immensely  during  his  lifetime,  and  had  often 
been  dry.  Then  again,  the  wells  had  frequently  to  be  lowered, 
and  the  water-supply  was  at  any  rate  lessening,  and  whether  the 
scheme  now  in  question  would  or  would  not  affect  the  waters  to 
the  north  of  London,  it  was  of  the  greatest  importance  that 
nothing  should  be  done  to  reduce  them ;  for  there  could  be  no 
doubt  that  they  would  want  all  they  could  get.  Sir  John  Lawes 
agreed  with  Mr.  Harrison  in  thinking  it  extremely  desirable  that 
they  should  have  better  gaugings  of  the  flow  and  discharges  of 
the  rivers  in  the  chalk  district  north  of  London. 


IL^BOTALL,  FVBfiOlJLTim,  4K^  9FA£Q^^4pU}^ 


ExrEBOoESTB  ON  Baihiiaui  ahd  Dbainaop  at  BcmmfiTHK 
Table  A. — Summary  of  zesolts,  20  yean. 


P^nikll- 


FUDiMl     Acre 
tiange.  i  Q*nge. 


Drainage  throofdi  0oU 
(aooropptd). 


30 

lDCh«B 

Deep* 


49 

iBcfaea 

Deep. 


90 
Iiidiea 

Deep. 


DUhreBoe,!  apprail* 
mately  s=  evi^ratioii. 


30 

Inches 

Deep. 


40 

Inches 

Deep. 


•0 
Inches 
Deep, 


Harvett  yean.  Sept 

1  in  Aug.  81. 

» 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

• 

Inches. 

Inches. 

Inches. 

IS7M    . 

.     1 

26-i9 

27-55 

9-64 

9-42 

5-81 

17-91 

18-13 

21-74 

M71-2    . 

• 

2783 

29-02 

9-69 

939 

8*24 

19*33 

19-63 

20-78 

IST^S    . 

• 

28-99 

30^66 

14-35 

13-67 

12-03 

16-31 

16-99 

18-6S 

im-i  . 

. 

20-29 

21-69 

5-74 

5-40 

3-94 

15-95 

16-29 

17-75 

1«7«    . 

•     < 

27-87 

31  61 

12-25 

12-72 

10-30. 

19-36 

18-89 

21-81 

1875-6    . 

• 

28-83 

31-98 

14-75 

16-87 

15-46 

17-23 

15-11 

16-52 

1«7«.7     . 

•     1 

3778 

39-28 

19-63 

22-07 

20-20 

19-65 

17-21 

19-08 

I«77-8    . 

•     < 

8211 

32-65 

14-72 

16-44 

14-84 

17-93 

16-21 

17-81 

l«78-9    . 

*     < 

40-17 

41-05 

24-44 

26-03 

24-88 

16-61 

15-02 

16-67 

187»-«)  . 

*     < 

20-88 

21-36 

6-89 

7-39 

6-50 

14-47 

13-97 

14-86 

i«80-l     , 

»     • 

35-85 

36-77 

22-38 

22-84 

21-26 

14-39 

13-93 

15-51 

.'«8l-2     • 

»     < 

81-66 

32-31 

15-81 

16-08 

14-32 

16-50 

16*23 

17-99 

^«82-^     . 

1     1 

33-69 

84-71 

20-82 

21-72 

19-72 

13-89 

12-99 

14-99 

I«83-4     . 

»              4 

25-29 

25-77 

11-86 

12-00 

11-21 

13-91 

13-77 

14-56 

1884-5     .     . 

•               « 

25-90 

26-78 

14-82 

15-14 

13-98 

11-96 

11-64 

12-80 

1885-6     . 

•               t 

29-46 

31-02 

17-37 

18-41 

16-57 

13-65 

12-61 

14-45 

1S86-7     . 

•               • 

22-63 

23-61 

10-64 

12-58 

11-72 

12-97 

11-03 

11-89 

IB87-8     . 

•              « 

2911 

30-50 

13-96 

15-58 

14-67 

16-54 

14-92 

15-83 

1888-9     . 

»              • 

28^79 

30-09 

14-64 

15-82 

14-33 

15-45 

14-27 

15-76 

1889-90  . 

>               • 

26-73 

27-43 

13-16 

18-60 

12-74 

14-27 

13-83 

14-69 

ATerages 

2902 

80  29 

14-38 

1516 

18-61 

15-91 

m 

15  13 

16-68 

*  Calculated  ou  the  rainfall  shown  by  the  ^o^gth  aero  gauge. 
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BAIKTALL/  PEBOOLATIONy  AND  EVAPOBATION. 


^iXFKBIMXlITB  ON  BAIN7ALL  AND  DbAINAGB  AT  BOTHAIISTED. 


BAinfiOl. 


6-Iuch  I  W^psth 
Funnel  Acre 
Osnge.  I  Oai^^ 


Drslnsge  through  soil 
(nncropped). 


30 
Inches 
Deep. 


40 

Inches 

Deep. 


60" 
Inches 
Deep. 


Differenoe.1  approxi- 
mstely  =:  evaporation. 


30 
Inches 
Deep. 


40 

Inches 
Deep. 


60 

Inches 

Deep. 


Tabli  R-— AvezageB  for  each  month,  20  HarYest-yean. 


September    .     •     . 

Inches. 
2-74 

Inches. 
2-86 

Inches. 
0*96 

Inches.  '  Inches. 
0*85  1  0*75 

Inches. 
1*90 

Inches. 
2*01 

Inches. 
2*11 

October  .     .     •     • 

8-07 

8*20 

1-78 

1*74 

1*60 

1*42 

1*46 

1-70 

November    •     .    • 

2*92 

808 

2*24 

2*80 

2*05 

0*79 

0*73 

0*98 

December     .     .     . 

2*81 

2-42 

1*90 

2  02 

1*81 

0*52 

0:40 

0*61 

January  .... 

2  84 

2-61 

1-96 

2*25 

2-06 

0*55 

0*26 

0*45 

Febmary      .     .     . 

1-92 

204 

1*44 

1*59 

1*44 

0*60 

0*45 

0*60 

March     .... 

1-61 

1-74 

0*80 

0*95 

0*86 

0*94 

0*79 

0*88 

April 

212 

2-21 

0*67 

0*74 

0*68 

1*54 

1*47 

1*58 

May 

2*22 

2-28 

0*60 

0-68 

0*59 

1*68 

1*60 

1-69 

June 

2-45 

2*52 

0'68 

0-64 

0-60 

1*89 

1*88 

1-92 

July 

2-96 

8*08 

0-84 

0*85 

0*77 

219 

2*18 

2-26 

Aagost  .... 

2-86 

2-45 

0*56 

0*55 

0*50 

1*89 

1*90 

1*95 

Total      .     .     . 

2902 

80-29  14*88 

16*16  18*61 

15*91 

15*13 

16*68 

Table  G. — General  Summary,  average  actual  results  per  annum. 


10  years,  1870-1  to\loq.io 
1879-80     .     .     ./^  ^^ 

10  years,  1880-1  to\oo.g, 
1889-90     .     .       ^^^^ 


20  years,  1870-1  to\«j,.^ 
1889-90     .     .     ./^  "^ 


80*68 
29-91 


18-21 
15*54 


80*29 


14-38 


18*94 
16*38 


15*16 


12*17 
15*05 


18-61 


17*47 
14*37 


15*91 


16'74 
13-53 


15*18 


18*51 
14-86 


16*68 


Table  D. — (General  Summary,  average  per  cent  drainage  and  evaporation  to 

rainfall.* 


10  years,  1870-1  to\ 
1879-80     .     .     ./ 

10  years,  1880-1  to\ 
1889-90     •     .     ./ 

•• 

•  • 
*• 

481 
52*0 

45*4 
54*8 

89*7 
50*8 

56*9 
48*0 

54*6 
45*2 

60*8 
49*7 

20  years.  1870-1  to\ 
1889-90    .     .     ./ 

•  • 

•* 

47-5 

500 

44*9 

52*5 

500 

65*1 

*  Caloulatod  on  the  rainfall  shown  by  the  nigth  aero  gauge. 
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EzFKBniEim  on  BAnnrALL  axd  DiuniAmc  at  Bothamstid. 
Monthly  Beoord  for  each  Hanresi-year,  8epi.  1  to  Aug.  81. 


Drainage  tlmragh  Soil 

Dilference,!  approzi- 
nutely  .  eyaporation. 

6-Incfa 
Funnel 
Gange. 

Gauge. 

20 

Inehee 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

30 
Inches 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

1870-L 


Inches.   Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

September    .     .     .  [  2-11 

2-31 

0-22 

006 

002 

209 

2-25 

2-29 

October  . 

•     • 

.  3-87 

413 

107 

0-45 

018 

306 

8-68 

8-95 

KoTember 

• 

j  1-24 

1-40 

1-84 

1-42 

0-71 

-0-44 

-002 

0-69 

December 

•     • 

2-53 

2-65 

210 

1-95 

107 

0-55 

0-70 

1-58 

Jannary  . 

»     • 

1-40 

1-45 

0-25 

112 

0-72 

1-20 

0-33 

0-73 

Pebmary 

>     • 

1-64 

1-63 

0-91 

113 

0-71 

0-72 

0-50 

0-92 

Harch     .     , 

t           m 

1-88 

1-50 

0*34 

0-43 

0-28 

116 

1-07 

1-27 

April .     .     , 

•           • 

2-82 

2-89 

0-81 

0-80 

0-63 

2-08 

2-09 

2-26 

May  .     .     , 

•           • 

0-94 

0-96 

•  • 

005 

004 

0-96 

0-91 

0-92 

Jnne  .    .     . 

1           • 

8-89 

3-87 

1-29 

115 

0-90 

2-58 

2-72 

2-97 

Jnly.    .     , 

• 

3-99 

3-99 

0-81 

0-85 

0-60 

318 

814 

8-89 

Angart  .     . 

• 
• 

0-68 

0-77 

•  • 

001 

. . 

0  77 

0-76 

0-77 

Total  . 

26-49  27-55 

9-64 

9-42 

5-81 

17-91 

18  13 

21-74 

1871-2. 

September    .     .     . 

4-60 

4-74 

1-82 

1-48 

1-08 

2-92 

8-31 

8-66 

October  .     , 

0-94 

112 

012 

0-24 

0-23 

1-00 

0-88 

0-89 

November 

0-60 

0-66 

007 

0-14 

0-35 

0-59 

0-52 

0-31 

^^mber     . 

1-28 

1-43 

0-82 

0-76 

0-48 

0-61 

0-67 

0-95 

J*iiiiary  .     . 

4-51 

4-67 

3-64 

3-55 

3-13 

103 

1-12 

1-64 

'^^bruary 

1-36 

1-52 

0-64 

0-77 

0-58 

0-88 

0-75 

0-94 

^^jh     .     . 

1-84 

2-12 

0-92 

0-82 

0-83 

1-20 

1-80 

1-29 

-^PHl.     .     , 

1-56 

1-61 

0-09 

016 

0-13 

1-52 

1-45 

1-48 

Hay.     .     . 

2-88 

2-90 

0-77 

0-75 

0-63 

213 

2-15 

2-27 

^^e.     .     , 

8-25 

3-25 

0-77 

0-74 

0-76 

2-48 

2-51 

2-49 

^^ly.     .     . 

2-73 

2-72 

001 

001 

001 

2-71 

2-71 

2-71 

^UgUBt     .       , 

1 

2-28 

2-28 

002 

0-02 

0  03 

2-26 

2-26 

2-25 

Total  . 

27-83 

29-02 

9-69 

9-39 

8-24 

19-33 

19-63 

20-78 

^Calculated  on  the  rainfall  shown  by 
^i^inage  esoeedB  the  ndnfall  the  difierenoe 


the  Tih)^  ^1^6  piauge*    When  the 
is  entmd  at  a  mmm  quantity. 

B  3 
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BAINFAIX,  PEBOOLAXIONy  AHD  EYAPOBATIOK. 


EXFEBDfKSTB  OS  RADfFALL  ASD  DBADfAOB  AT  BOTHAMBTED. 

Monthly  Beoord  for  each  Haryeai-year,  Sept  1  to  Aug.  31. 


lUlwfkll 


Funnel     Acre 
Oaoge.    Gauge. 


Diminage  throng  Soil 
(oDcropped). 


30 
Inches 
Deep. 


Inches 
Deep. 


60 
Inches 
Deep. 


IMff*Tence,l  appr^xi- 
matelj  =  erapuration. 


20  40 

Indies    Inches 
Deep.      Deep. 


60 
Inches 
Deep. 


i 


1872-3. 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Indies. 

Inches. 

Inches. 

September    .     .     . 

1-28 

1  37 

001 

002 

001 

1-36 

1 

35 

1-36 

October  .     , 

4-59 

4-67 

313 

2-68 

2- 10 

1-54 

1 

99 

2-57 

KoTember    . 

3-90 

.  403 

2-85 

2-80 

2-44 

118 

1 

23 

1  59 

December    . 

3-97 

416 

3-38 

3-40 

304 

0-78 

0 

■76 

112 

January  .     . 

3-53 

3-74 

4 

2-77 

2-73 

2-71 

0-97 

1 

01 

103 

February 

113 

1-34 

0-71 

0-54 

0-55 

0-63 

0 

80 

0-79 

March     .     . 

1-90 

2  05 

0-88 

102 

0-80 

1-17 

1 

03 

1  25 

April       .     . 

0-54 

0*64 

1 

•  • 

0  01 

001 

0-64 

0 

63 

0  63 

May  .     . 

1-74 

j  1-87 

•  • 

•  • 

m 
•  • 

1-87 

1 

87 

1-87 

Jane  .     . 

1-66 

;  1-76 

•  • 

•  • 

•  • 

1-76 

1 

76 

1-76 

July  .     .     . 

2-31 

2-39 

0*62 

0-47 

0-37 

1-77 

1 

92 

202 

August   .     . 

2-44 

2-64 

•  • 

•  • 

•  • 

2-64 

2 

64 

2-64 

Total  . 

28  99 

30-66 

14-35 

13-67 

1203 

16-31 

16 

99 

18-63 

1878-4. 


September    .     .     . 

2-22 

2-38 

0-70 

0-38 

0-20 

1-68 

200 

2-18 

October  .     . 

2-61 

2-82 

0-99 

0-83 

0-29 

1-83 

1-99 

2-53 

November 

1-82 

1-99 

1-08 

111 

0-86 

0  91 

0-88 

113 

December 

0-59 

0-71 

015 

0-11 

0  04 

0-56 

0-60 

0-67 

January  .     . 

1-78 

1-93 

1-22 

1-35 

1-21 

0-71 

0-58 

0-72 

February 

1-62 

1-73 

0-85 

0-84 

0-73 

0-88 

0-89 

1  00 

March     • 

0-50 

0-65 

0  01 

0  04 

003 

0  64 

0  61 

0-62 

April .     .     . 

200 

214 

0-32 

0-29 

0-25 

1-82 

1-85 

1-89 

May  .     . 

114 

119 

•  • 

•  • 

•  • 

119 

1-19 

1-19 

June .     .     . 

1-53 

1-59 

•  • 

•  • 

•  • 

1-59 

1-59 

1-59 

July  .     .     . 

2-82 

2-81 

0-42 

0-45 

0-33 

2-39 

2*36 

2-48 

August    .     , 

1-66 

1-75 

•  • 

« • 

•  • 

1-75 

1-75 

1-75 

Total  . 

20-29 

21-69 

5-74 

5-40 

3-94 

15-95 

16-29 

17-75 

'  Calculated  on  the  rainfall  shown  by  the  nbo^  ^^<^^  gftoge* 
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EXPSROUEMTS  OK  BaINTALL  AND  DHAINAQB  AT  B0THAM8TKD. 

Monthly  Record  for  each  Harrcst-year,  Sept.  1  to  Aug.  31. 


RaIdIaU. 


6-Iiich     T.J-H.th 


Funnel 
Gaoge. 


Acre 
Gauge. 


Drainage  throngh  Soil 
(nncrtjppeU). 


20 
Inches 
Deep. 


40     I      60 
Inchee  '  Inches 
Deep.      I>eep. 


Difference,!  approxi- 
mately. =  evai>oratiua. 


20     40     6d 

Inches  Inches  Inches 

Deep.   Deep.   Dc^p. 


1874-5. 


Inches. 

Inches. 

Inches. 

IncheH.  j  Inches. 

Inches. '  Inches. 

Incbeii. 

September    .  *    .     . 

3-48 

3-62 

0-63 

0-25 

0-21 

2-99  ;  3-37 

3-41 

October  . 

305 

3  22 

1-52 

1-26  ,  1-02 

1-70 

1-96 

2-20 

XoTember 

210 

2-34 

1-21 

1-04  ;  0  69 

113 

1-30 

1-65 

December 

1-61 

1-80 

116 

1-34 

104 

0  64 

0-46 

0-76 

January  . 

3-01 

3-99 

2-87 

3-39 

2-62 

112 

0-60 

1-37 

February 

0-77 

118 

0-34 

0-44 

0-38 

0-84 

0-74 

0-80 

Hatch    .     . 

0-75 

0-87 

0-50 

0-57 

0-46 

0-37 

0-30 

0  41 

AprU      .     . 

1-38 

1-56 

0-09 

Oil 

0-06 

1-47     1-45 

1-50 

Hay  .     .      . 

2-52 

2-74 

0-29 

0-37 

0-30 

2-45  !  2  37 

2-44 

June  .     .     . 

815 

3-53 

0-35 

0-26 

014 

3- 18 

3  27 

3-39 

Jily.    .     . 

5-06 

5-66 

3-29 

3  66 

3-35 

2-37 

2  00 

2-31 

-^ogust   .     . 

0-99 

110 

•  • 

0-03 

003 

110 

107 

107 

Total  . 

• 

27-87 

31-61 

12-25 

12-72   10-30 

19-36   18  89  '21-31 

1 

^^ptember    .     .     . 

2-46 

2  80 

0-89 

0-83 

0-71 

1  91 

t 

.  1-97     2 

•09 

^^ctober  .     , 

5-13 

5-90 

3-72 

3-95 

3-55 

2-18 

.  1  95     2 

35 

November    . 

8-95 

4*43 

3-24 

3-54 

3-26 

119 

.  0-89  1  1 

17 

*^^cember 

0-90 

1-19 

0-78 

1  01 

0-97 

0  41 

.  018 

0 

22 

»'a^uary  . 

1-59 

1-81 

1*46 

1  76 

1-67 

0-35 

.  005 

0" 

14 

^l)niary 

2-79 

305 

1-87 

2-20 

1-94 

1-18 

.  0-85  !  1' 

11 

^^aroh     . 

2-42 

2-90 

1-28 

1-74 

1-58 

1-62 

.  1  16     1 

32 

^prU.     .     . 

3-24 

8-33 

1  36 

1  66 

1-72 

1  97 

.  1-67 

1 

61 

^^y  .     .     . 

0-76 

0-78 

•  • 

0  04 

0  03 

0-78 

.  0-74 

0 

75 

•^xme .     .     . 

1-33 

1-35 

•  • 

•  • 

•  • 

1  35 

.  1-35      1 

1 

35 

^Uly  .     .     . 

1-43 

1-46 

•  • 

•  • 

•  • 

1-46 

.  1-46     1 

46 

-^tigurt   . 

2-83 

2-98 

0-15 

014 

0-03 

2  83 

.  2-84  1  2 

95 

Total  . 

28-83 

31-98 

14-75 

16-87 

15-46 

17-23 

1511    10 

52 

^  Galoulated  on  the  rainfall  shown  by  the  yjo^th  aero  gauge. 
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RAINFALL,  PEBOOLATIOK,  AND  EYAPOBAIION. 


EXPKRTMEWTB  ON  RaIMTALL  AND  DfiADfAOl  AT  B0THAM8TED. 

Monthly  Record  for  each  Harvest-year,  Sept  1  to  Aug.  31. 


BftinlkU. 

Drainage  throoffh  Soil 
(uDcropped). 

Difference,!  appro 
mately  =  eraporat 

5-inch 
Funnel 
Gauge.. 

TA.th 

Acre 

Gauge. 

20 
Inches 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

20 
Inches 
Deep. 

40 
Inches 
Deep. 

Ii 
I 

187e-7. 


September 
October  . 
November 
December 
January  • 
February 
March 
April. 
May  . 
Juno  . 
July  . 
August 

Total 


Inches.  1 

Inches. 

a             •            • 

4-59 

502 

1-87 

1-52 

400 

4-20 

5-80 

6-00 

4-82 

4-99 

1-98 

210 

2-52 

2-55 

2-68 

2-76 

2-79 

2-82 

1-39 

1-44 

3-23 

3-28 

•             • 

2-56 

2-60 

37-73 

1 

39-28 

Inches. 

2-30 

0-82 

2-89 

5-21 

3-79 

0-87 

1-01 

1-33 

0-44 

0-03 

0-56 

0-38 


19-63 


Inches. 
2-24 
1-10 
2-99 
5-74 
4-41 
1-19 
1-25 
1-61 
0-55 
009 
0-51 
0-39 


Inches. 

2-04 

0-96 

2-66 

5-25 

4-11 

1-23 

1-10 

1-49 

0-51 

0-10 

0-44 

0-31 


22-07  20-20 


Inches. 

2-72 

0-70 

1-31 

0-79 

1-20 

1-23 

1-54 

1-43 

2-38 

1-41 

2-72 

2-22 


19-65 


Inches. 

2-78 

0-42 

1-21 

0-26 

0-58 

0-91 

1-30 

1-15 

2-27 

1-35 

2-77 

2-21 


17-21 


In 
2 
0 
1 

0 

0 
0 

1 
1 
s 
1 

s 


1£ 


1877-8. 


September 
October  . 
November 
December 
January  . 
February 
March 
April. 
May  . 
June  . 
July  . 
August 

Total 


1-53 
1-90 
5-15 
2-28 
1-73 
1-77 
0-88 
4-01 
4-89 
2-46 
0-64 
4-87 


32  11 


1-53 

0-21 

0-26 

0-21 

1-95 

0-58 

0-51 

0-39 

5-16 

4-03 

4-20 

3-82 

2-28 

1-74 

1-98 

1-75 

1-75 

1-10 

1-36 

1-20 

1-80 

1-01 

1-20 

113 

0-98 

0-27 

0-50 

0-46 

409 

2-35 

2-52 

2-43 

4-97 

1-48 

1-85 

1-50 

2-51 

0  61 

0-86 

0-76 

0-65 

0  01 

0-03 

0-06 

4-98 

1-83 

1-17 

113 

32  65 

14-72 

16-44 

14-84 

1-32 
1-37 
1-13 
0-54 
0-65 
0-79 
0-71 
1-74 
3-49 
1-90 
0-64 
3-65 


1-27 
1-44 
0-96 
0-30 
0-39 
0-60 
0-48 
1-57 
3-12 
1-65 
0-62 
3-81 


17-93  J16-21 


1' 


^  Calculated  on  the  rainfall  shown  by  the  nj^th  acre  gauge. 


BAIOTALL,  PEBOOLAHOH,  AND  ETAPOBAHOH. 
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EXPSBDORIB  ON  RaINVALL  AND  DrAIKAOX  AT  BOTHAMflTID. 

Monthly  Beooid  for  each  Harrest-year,  Bept.  1  to  Ang.  81. 


Raln&U. 

Drainage  throiudi  Soil 
(oncropped). 

DiflTerence,!  approxi- 
mately =  evaporation. 

6-Inch 
t-unnel 
Gauge. 

Acre 
Gauge. 

30 

Inches 

Deep. 

40            60 
Inchea    Inches 
Deep.       Deep. 

30 
Inchea 
Deep. 

40 
Inchea 
Deep. 

60 

Inchea 

Deep. 

1878-8. 

Inches. 

-Inchea. 

Inchea. 

Inchea. 

Inches. 

Inchea.   Inchea. 

Inchea. 

September    .     .     . 

1-41 

1-46 

0-07 

0-12 

0-11 

1-39 

1-34 

1-35 

October  . 

209 

2*99 

1-37 

1-89 

1-10 

1-62 

1-60 

1-89 

Korember 

4-73  ]  4-55 

8-77 

4-07 

3-66 

0-78 

0-48 

0*89 

December 

1-57 

1-60 

1-11 

1-37 

1-54 

1 

0-49 

0*23 

0*06 

January  . 

2-46  '  2-85 

2-47 

2-65     2-47 

0-38 

0-20 

0*38 

I^ebniaiy 

8-78  ■  3-80 

4-44 

4-44 

4-22 

-0-64 

-0*64 

-0*42 

March    • 

109  1  1-18 

014 

0-28 

0-26 

104 

0-90 

0*92 

April.    . 

2-61 

2-79 

1-27 

1-51 

1-38 

1-52 

1-28 

1*41 

May.     .     . 

8*45 

3-48 

122 

1-39 

1-30 

2-26 

2-09 

2-18 

J'me.    .     , 

5*49 

5-55 

2-15 

2*24 

2-18 

3-40 

3-81 

3-87 

Jttly .    .     , 

417 

4-24 

1-83 

1-97 

1-81 

2-41 

2-^7 

2-48 

Angort  .     , 

6-47 

6-56 

4-60 

4-60 

4-85 

1-96 

1-96  j  2-21 

Total  . 

40-17  41-05 

24-44 

26-03  24-88 

1 

16*61 

15-02 

16*67 

1879-80. 

September    .     .     .     307 

313 

1-11 

100 

0-92 

2-02 

2-13 

2-21 

^^ctober  .     . 

>     • 

0-76 

0-82 

0-22 

0-42 

0-43 

0*60 

0-40 

0*89 

November 

1     • 

0-71 

0-81 

0-20 

012 

0-10 

0*61 

0*69 

0-71 

^^^cember 

• 

0-78 

0-82 

0-41 

0-49 

0-44 

0*41 

0*33 

0*88 

'•biliary  .     . 

• 

0-55 

0-55 

0-48 

0-61 

0-46 

0*07 

-0*06 

009 

"'^'^brnary 

>     • 

2-88 

2-90 

2-86 

2-59 

2-30 

0*54 

0*81  1  0-60 

^U»ch     .     . 

)     • 

1-10 

113 

0-04     0-09 

0-09 

1*09 

1-04     104 

^PtH.     .     . 

• 

2*14 

2-16 

0-49     0-53 

0*48 

1*67 

1*63 

1*73 

^J.     .     . 

• 

0-71 

0-74 

•  • 

0-02 

008 

0*74 

0-72 

0*71 

^^Uie .     .     . 

• 

1-94 

1-97 

0-01 

001 

0-02 

1-96 

1-96 

1-95 

^«y  .     .     . 

• 

5-22 

5-26 

1-35 

1-23 

1-06 

3-91 

4-08 

4*20 

^xigiwt   .     , 

• 

1-02 

1-07 

0-22 

0-28 

0-22 

0*85 

0-79 

0*85 

Total  . 

r 

• 

20-88  21-36 

1 

6-89 

i 

7-39 

6-50 

14*47  *13*97 

14*86 

^  Galcnlated  on  the  rainfall  ahown  by 
^*^uiago  exooodfi  the  rainfall  thu  difforonco 


the  Tiinitli  acre  gauge.     When  the 
is  entered  as  a  niiniu  quantity. 
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RAINFALL,  PEBOOLATION,  AND  EVABOBATION. 


EXFEBDOEMTS  ON  BaIMTALL  AND  DrATNAGE  AT  BOTHAXSTBD. 

Monthly  Record  for  each  Harvest-year,  Sept.  1  to  Aug.  81. 


BAlnfall. 

Drslniige  through  Soil 
(nucropped). 

mately  =  evaponition. 

8-Inoh 
Fnnnel 
Qange. 

6  Inch 
Fnnnel 
OftOge. 

Acre 
Qange. 

20 
Inches 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

30 

Inches 

Deep. 

40 
Inches 
Deep. 

60 

Inches 

Deep. 

1880-1. 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

September    . 

« • 

6-69 

5-86 

3-96 

3-93 

3-78 

1-90 

1-93 

2-08 

October  .     . 

•  • 

5*88 

5-94 

4-47 

4-45 

407 

1-47 

1-49 

1-87 

November    • 

•  • 

2-87 

2-92 

2-25 

2-39 

214 

0-67 

0-53 

0-78 

December     . 

•  • 

8-45 

3-47 

2-82 

2-85 

2-68 

0-65 

0-62 

0-79 

January  .     . 

1-07 

112 

114 

1-01 

1-12 

1-32 

013 

002 

-0-18 

February 

8*35 

8-33 

3-70 

3-43 

3-71 

3-29 

0-27 

-001 

0-41 

Maich     .     . 

1-99 

210 

215 

1-66 

1-78 

1-65 

0-49 

0-37 

0-50 

April.     .     . 

0-92 

0-97 

1-00 

•• 

001 

0-03 

1-00 

0-99 

0-97 

May  .     .     . 

1-28 

1*89 

1-38 

•  • 

0-01 

004 

1-38 

1-37 

1-34 

June .     .     . 

1-58 

1-62 

1-63 

001 

0-02 

004 

1-62 

1-61 

1-59 

July  .     .     . 

1-67 

1-73 

1-76 

•  • 

001 

001 

1-76 

1-75 

1-75 

August   .     . 

5-47 

6-70 

5-82 

2-77 

2-56 

2-21 

3  05 

3-26 

3-61 

Total  .     . 

17-28 

35-85 

36-77 

22-38 

22-84 

21-26 

14-39 

13*93 

15-51 

1881-2. 


September    . 

2-01 

209 

2-17 

0-81 

0-81 

0-70 

1-36 

1-36 

1-47 

October  .     . 

2-84 

2-93 

305 

1-76 

1-73 

1-53 

1-29 

1-32 

1-52 

November    . 

3-29 

3-45 

3-47 

2-49 

2-50 

2-29 

0-98 

0-97 

1-18 

December     • 

4-16 

4-33 

4-38 

3-95 

404 

3-65 

0-43 

0-34 

0-73 

January  .     . 

1-42 

1-55 

1-57 

1-24 

1-38 

1-23 

0-33 

0-19 

0-34 

February 

1-88 

1-99 

202 

115 

1-13 

1-01 

0-87 

0-89 

101 

March     .     . 

1-38 

1-48 

1-57 

0-45 

0-58 

0-49 

1-12 

0-99 

108 

April.     .     . 

3-71 

3-82 

3-92 

1-87 

1-77 

1-57 

2-05 

2-15 

2-35 

May  .     .     . 

1-95 

201 

207 

0-74 

0-85 

0-74 

1-33 

1-22 

1-33 

June .     .     . 

3-79 

3-90 

3-93 

1-25 

115 

0-99 

2-68 

2-78 

2-94 

July  .     .     . 

1-95 

205 

209 

010 

0-12 

0-10 

1-99 

1-97 

1-99 

August    »     . 

1-97 

206 

2  07 

•  • 

002 

0-02 

207 

205 

205 

Total  .     . 

30-35 

31-66 

32-31 

15-81 

16-08 

14-32 

16-50 

16-23 

17-99 

"  Calculated 

on  tho 

rainfn 

11  show 

n   by 

• 

the  „-•), 

A  _ 

,th  acr 
1 

0   piuig 

• 

c.    Wh 

A   • 

cu  the 

drainage  cxcoods  tho  niiufall,  the  dilforcuco  is  entered  as  a  oiiuus  quantity. 


BAINFAUi,  PEBOOLAHOH,  AKD  EVAPOBATION. 
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ExFiBnfsim  on  Baimtall  and  Dbainagb  at  Bothamoted. 
Monthly  Beooid  for  each  Harvest-year,  Sept  1  to  Aug.  81. 


RAinfkll. 

Drainage  throngh  Soil 
(nncropped). 

Differ 
mstely 

20 
Inches 
Deep. 

«nce.i  approzi- 
=  evaiH>ration. 

8-Tnch 
Fannel 
Qsoge. 

6-Inoh 

Fannel 

Qaoge. 

T7?.V»«th 

Acre 
Qaage* 

30 
Inches 
Deep. 

40 

Inches 

Deep. 

60 
Inches 
Deep. 

40 

Inches 
Deep. 

60 
Inches 
Deep. 

18«I-S. 

Inch««. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

September   . 

2*  15 

2-21 

2-29 

0*71 

0*57 

0*40 

1-58 

1-72 

1-89 

October  .     . 

6-39 

6-46 

6*52 

5*46 

5*55 

5*10 

1*06 

0*97 

1-42 

November    . 

8*24 

3-29 

3-44 

2*49 

2*65 

2*41 

0*95 

0*79 

1-03 

December     . 

807 

3*03 

3-28 

300 

3-22 

2*98 

0*28 

0*06 

0*30 

Janiuiy .     . 

8-19 

3-28 

3*30 

2*89 

811 

2*81 

0*41 

019 

0*49 

February 

4*18 

4*28 

4*34 

3*76 

4-01 

8*70 

0*58 

0  33 

0*64 

ICarch    .     . 

0-76 

0-76 

0*89 

0*02 

0*06 

0-09 

0-87 

0*83 

0*80 

April      .     . 

1-40 

1*43 

1*48 

0*28  ; 

0*26 

0*22 

1*20 

1*22 

1*26 

May  .     .     . 

1-77 

1-84 

1*89 

0*63 

0*70 

0*62 

1*26 

119 

1-27 

June  .     .     . 

2-10 

217 

2*23 

0*13 

1 

Oil 

0*09 

2*10 

212 

2*14 

July.    .    . 

4-03 

416 

4*21 

1*44  1 

1-42 

1-25 

2*77 

2-79 

2*96 

AugMt  .     . 

0-71 

0-78 

0-84 

001 

0*06 

0*05 

0*83 

0*78 

0*79 

Total.     . 

32-98 

83-69 

34*71 

20-82 

1 

21*72 

1 

19*72 

13*89 

12-99 

14*99 

1888-4. 

September    . 

8-83 

3-94 

3-99 

1*63 

1*43 

1*32 

2-36 

2-56 

2*67 

October  .     . 

2-38 

2*48 

2*49 

1*39 

1*50 

1-38 

1*10 

0-99 

1-11 

November    . 

3-35 

3-46 

3-52 

2-77 

2-71 

2*47 

0*75 

0-81 

1-05 

December     . 

0-92 

1-07 

116 

0*79 

0-97 

0-95 

0*37 

0*19 

0-21 

January  .     . 

2-51 

2*55 

2-56 

1-87 

1*81 

1*65 

0*69 

0-75 

0-91 

February 

1-31 

1-38 

1-42 

0*72 

0-92 

0*86 

0*70 

0-50 

0-56 

*^h     .     . 

1-59 

1*64 

1*66 

113 

1*18 

1*10 

0-53 

0-48 

0*56 

^Pril      .    . 

1-69 

1*74 

1*79 

0*24 

0*18 

0-19 

1-55 

1*61 

1*60 

^y.    .    . 

0-58 

0*61 

0-64 

004 

009 

Oil 

0-60 

0*55 

0*53 

•^^iJie.     .     . 

2-43 

2*46 

2-50 

1*09 

1-06 

1*04 

1*41 

1-44 

1*46 

^^j  .    .     . 

2-34 

2*40 

2-44 

016 

010 

010 

2*28 

2-34 

2-34 

^^igurt    .     . 

1-51 

1*56 

1*60 

0  03 

0  05 

0-04 

1*57 

1-55 

1-56 

Total 

24-44 

25*29 

25-77 

11-86 

12  00 

11-21 

13-91 

13*77 

14*56 

Calculated  on  the  ruiufall  shown  by  the  jm^  ^^  gauge. 
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BAINFALL,   PEBCOLATION,   AND   EYAPOBATION. 


ExPBBDfEXTS  ON  RAINFALL  AND  DrAINAQE  AT  ROTHAHSTED. 

Monthly  Record  for  each  Harvest-year,  Sept.  1  to  Aug.  31. 


Rainfall. 


8-inch  6-inch 
Funnel  \  Fannel 
Gauge.  ';  Gauge. 


Acre 
Gauge. 


Drainage  through  Soil 
(uncropped). 


20 

Inches 

Deep. 


40  60 

Inches     Inches 

Deep.  I    Deep. 


DilTercnce^  approxi- 
mately =  evaporation. 


20 

Inches 

Deep. 


40 
Inches 
Deep 


60 

Inches 

Deep. 


1884-6. 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inche:*. 

Beptember    . 

205 

211 

218 

1-29 

1-26 

1   11 

0-89 

0-92 

1-07 

October  .     . 

1-60 

1*64 

1-70 

0-52 

0-47 

0-41 

1-18 

1-23 

1-29 

November    . 

1-86 

1-87 

205 

0-72 

0-69 

0-61 

1-S3 

1-36 

1-44 

December     . 

2-96 

806 

306 

3-22 

3-23 

301 

-0-16 

-017 

0-05 

January  •     . 

2-88 

2-94 

2-99 

2-59 

2-60 

2-43 

0-40 

0-39 

0-56 

February 

2  73 

2-84 

2-85 

2  43 

2-60 

2-45 

0-42 

0-25 

0-40 

March     •     . 

1-80 

119 

1-46 

0-63 

0-71 

0-67 

0-83 

0-75 

0-79 

April       .     . 

2-76 

2-81 

2*88 

1-04 

1-05 

0-92 

1-84 

1  83 

1-96 

May  .     .     . 

2-73 

2-82 

2-88 

0-91 

0-98 

0-87 

1-97 

1-90 

201 

June  .     •     . 

2-68 

2-71 

2-76 

1-46 

1-52 

1-46 

1-30 

1-24 

1-30 

July  .     .     . 

0-35 

0-35 

0-38 

001 

003 

0-04 

0-37 

0-35 

0-34 

August .     • 

1-52 

1-56 

1-59 

•  • 

•  • 

•  • 

1-59 

1-59 

1-59 

Total  •     . 

1 

25-42 

25-90 

26-78 

14-82 

15-14 

13-98 

11-96   11-64 

12-80 

1886-6. 


September    . 

419 

4-31 

4-39 

1-55 

1-42 

1  25 

2-84 

2-97 

3-14 

October     . 

4-64 

4-72 

4-82 

3-41 

3-51 

314 

1-41 

1-31 

1-68 

November    . 

3-65 

3-73 

3-77 

3-41 

3-59 

3  31 

0-36 

018 

0-46 

December     . 

1-19 

1-21 

1-33 

100 

1-04 

0-91 

0-33 

0-29 

0-42 

January    •     . 

2-96 

2-80 

3-44 

3-58 

3-91 

3-92 

-0-14 

-0-47 

-0-48 

February 

0-55 

0-55 

0-61 

0-58 

0-71 

0-60 

003 

-0-10 

0-01 

March     .     . 

1-42 

1-44 

1-59 

0-83 

0-93 

0-69 

0-76 

0-66 

0-90 

April       .     . 

1-83 

1-88 

1-96 

0-59 

0-73 

0-58 

1-37     1-23 

1-38 

May  .     •     . 

4-08 

4-16 

4-24 

2-12 

2-29 

1-93 

212!  1-95 

2-31 

June  .     .     . 

1-14 

1-15 

1-23 

0-08 

0-12 

010 

115 

111 

113 

July  .     .     . 

2-31 

2-38 

2-42 

0-21 

014 

0-11 

2-21 

2-28 

2-31 

August    .     . 

1-12 

113 

1-22 

0-01 

002 

0  03 
16-57 

1  21 

1-20 

1-19 

Total       . 

29-08 

29-46 

31-02 

17  37 

18-41 

13-65  !l2-61 

14-45 

*  Calculated  on  the  rainfall  shown  by  the  tww^^  ^1^  g<^ugo.    When 
drainage  exceeds  the  rainfall  the  difference  is  cuterod  as  a  minus  quantity. 


BAINFALIi,  PBBCOLATIOM,   AND  EVAPOBATIOir. 


17 


Experiments  on  Rainfall  and  Drainage  at  Bothambted. 
Monthly  Record  for  each  Harvest-year,  Sept.  1  to  Aug.  31. 


September 
October  . 
November 
December 
Januaiy  . 
February 
llaich 
April 
May  . 
June . 
July  . 
August 

Total 


Rainfall. 


R-Inch 
Fannel 
Gaage. 


6-lDch 
Fannel 
Gauge. 


Acre 
Gaoge. 


Drainage  through  Soil 
(uBcropped). 


20 
Inches 
Deep. 


Diffetence,!  approxi- 
mately =  evaporation. 


20 

Inches 

Deep. 


40 
Inches 
I  Deep. 


60 

Inches 

Deep. 


1886-7. 


Inches. 
1-38 
3  77 
2-62 
412 
2-22 
0-89 
1-64 
110 
2-22 
0-67 
0-71 
0-95 


Inches. 
1-43 
3-91 
2-71 
417 
2-20 
0-90 
1-63 
112 

,  2-25 
0  68 
0-69 
0-94 


Inches. 
1-51 
3-94 
2-77 
4-21 
2-39 
0-95 
1-76 
1-19 
2-35 
0-71 
0-79 
104 


22-29  22  63  23  61 


Inches. 
0-01 
216 
2*40 
2-46 
2-32 
0-48 
0-21 
0-13 
0-04 
0-43 


Inches. 

•  • 

1-99 
2-62 
2-58 
3-83 
0-55 
0-22 
0-22 
006 
0-50 
001 


10-64 


12-58 


Inches. 
001 
1-74 
2-43 
2-36 
3-78 
0-51 
018 
0-18 
007 
0-45 
0  01 


11-72 


Inches. 

1-50 

1-78 

0-37 

1-75 

0-07 

0-47 

1-55 

106 

2-31 

0-28 

0-79 

1-04 


12-97 


Inches. 


1 
1 
0 
1 
-1 
0 
1 
0 
2 
0 
0 
1 


51 
95 
15 
63 
44 
40 
54 
97 
29 
21 
78 
04 


Inches. 
1-50 
2-20 
0-34 
1-85 
-1-39 
0  44 
1-58 
101 
2-28 
0-26 
0-78 
1-04 


1103   11*89 


1887-8. 


^ptember    . 

2-99 

302 

3-11 

0-36 

0-26 

0-19 

2-75 

2-85 

2-92 

October   .     . 

1-57 

1-57 

1-69 

0-35 

0-26 

0-20 

1-34  1 

1-43 

1-49 

November     . 

3-27 

3-34 

3-41 

2-70 

2-82 

2-65 

0-71 

0-59 

0-76 

I>ecember 

1-54 

1-53 

1-66 

1-19 

1-31 

1-23 

0-47 

0-35 

0-43 

January  .     . 

0-80 

0-81 

0-94 

0-46 

0-56 

0-50 

0-48 

0-38 

0*44 

February 

0-97 

0-88 

103 

0-27 

0-43 

0-45 

0-76 

0-60 

0-58 

March      .     . 

2-97 

2-98 

3-13 

316 

405 

3-99 

-0-03 

-0-92 

-0-86 

April       .     . 

2-08 

202 

2-14 

0-76 

0-93 

0-88 

1-38 

1-21 

1-26 

May   . 

1-21 

1-23 

1-28 

007 

009 

009 

1-21 

1-19 

1*19 

Jane  .     .     . 

4-74 

4-75 

4-87 

2-38 

2-49 

2-40 

2  49 

2-38 

2-47 

July  .     .     . 

3-59 

3-75 

3-86 

0-76 

0-83 

0-68 

3-10 

3-03 

3*18 

August    .     . 

314 

3-23 

3-38 

1-50 

1-55 

1-41 

1-88 

1-83 

1-97 

Total 

28-82 

29-11 

30-50 

13  96 

15-58 

14-67 

16-54 

14-92 

15-83 

*  Calculated  on  the  rainfall  shown  by  the  rnrnth  acre  gauge.    When  the  drainage 
Q^ceeds  tho  rainfall  the  diiferenco  is  entered  as  a  minus  quantity. 
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Experiments  on  Rainfall  and  Drainage  at  Rothamstedi 
Monthly  Record  for  each  Harvest-year,  Sept  1  to  Aug.  31. 


TtAJnfall, 


8-lDch 
Funnel 
Gauge. 


S.lnch 
Funnel 
Gauge. 


Acre 
Gauge. 


Drainage  through  soil 
(uncropped). 


20 

Inches 

Deep. 


40 
Inches 
Deep. 


60 

Inches 

Deep. 


Difference,'  approxi- 
mately =  evaix>ration. 


20 

Inches 

Deep. 


40 
Inches 
Deep. 


60 
Inches 
Deep. 


1888-9. 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches.   Inches. 

September    . 

0-86 

0-87 

1-03 

008 

012 

0-09 

0-95 

0-91  ,  0-94 

October  .     . 

0  96 

0-98 

1-09 

007 

003 

0-02 

102 

106 

107 

KoTember    . 

4*34 

4-37 

4-45 

8  51 

3-51 

3-29 

0-94 

0-94 

116 

December     . 

1-57 

1*61 

1-69 

1*51 

1-60 

1-54 

018 

009 

0-15 

January  .     • 

116 

119 

1-29 

0-82 

106 

0-82 

0-47 

0-23 

0-47 

February 

1-82 

1-80 

1  95 

1  53 

1-74 

1-61 

0-42 

0-21 

0-34 

March     .     . 

1-77 

1-80 

1*89 

0  83 

0-85 

0-82 

1-06 

1-04 

1-07 

April       .     . 

2-36 

2-39 

2-47 

0-35 

0-42 

0-35 

2-12 

205 

2-12 

May  .     .     . 

4*85 

4-90 

500 

3-06 

3-32 

2-85 

1-94 

1-68 

2-15 

June  .     .     . 

1-28 

1-21 

1-38 

0-41 

0-53 

0-47 

0-97 

0-85     0-91 

July  .     .     . 

5-58 

6-59 

5-67 

2-43 

2-58 

2-42 

3-24 

3-09 

3-25 

August   •     . 

2*02 

208 

28-79 

1 

2-18 

0-04 

0-06 

005 

214 

212  ■ 
14-27 

213 

Total       . 

28-57 

30-09 

14-64 

15-82 

14-33 

15-45 

15  76 

1889-90. 


September    . 

2-31 

2-36 

2-44 

0-77 

0-73 

0-63 

1-67 

1-71 

1-81 

October  .     . 

3-51 

3-57 

3-62 

2-45 

2-47 

2-28 

1-17 

115 

1-34 

November    . 

1-12 

1-14 

1-21 

0-93 

0-98 

0-91 

0-28 

0-23 

0-30 

December     . 

1-36 

1-40 

1-46 

1-29 

1-46 

1-34 

017 

•  • 

0-12 

January  .     . 

2-86 

2-94 

2-94 

2-42 

2-62 

2-52 

0-52 

0-32 

0-42 

February 

0-74 

0-75 

0-82 

0-48 

0-60 

0-54 

0-34 

0-22 

0  28 

March     .     . 

2-71 

2-75 

2-78 

1-71 

1-83 

1-69 

107 

0-95 

1-09 

April      .     . 

1-23 

1-22 

1-31 

001 

0-06 

006 

1-30 

1-25 

1-25 

May  .     .     . 

1-34 

1-34 

1-38 

0-12 

0  10 

0-10 

1-26 

1-28 

1-28 

June  .     .     . 

2-33 

2  36 

2-40 

0-06 

003 

0-04 

2-34 

2  37 

2-36 

July  .     .     . 

4  41 

4-49 

4-56 

2-76 

2-61 

2-54 

1-80 

1-95 

2-02 

August   .     . 

2-38 

2-42 

2-51 

0-16 

0-11 

0-09 

2-35 

2-40 
13-83 

2-42 

Total       . 

26-30 

26-73 

27-43 

1316 

13  60 

12-74 

14-27 

14-69 

Calculated  on  the  rainfall  shown  by  the  ^Jh.  acre  gauge. 
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Note  bt  Dr.  Gilbert. — ^These  Tables,  of  which  the  first  four  were  placed  on  the 

wall  dnring  the  diBcnssion,  contain  the  results  of  the  experiments  on  Rainfall  and 

Dniimge  at  Rothamsted  for  twenty  harvest-years  (September  1  to  August  81), 

1970-71  to  1889-90  inclusiye.   The  rainfall  is  given  as  registered  both  by  a  5-inch 

funnel-gauge,  and  by  a  specially  made  gauge  of  -nijoth  of  an  acre  area ;  also  by  an 

8*incb  gauge  since  the  beginning  of  1881.    The  drainage,  or  percolation  results, 

represent  the  amounts  of  the  rainfall  passing  through  rather  heavy  uncropped  soil, 

as  ^owD  by  throe  **  drain-gauges,"  each  of  ^th  of  an  acre  area,  one  with  20  inches, 

one  with  40  inches,  and  one  with  60  inches  depth  of  soil,  in  its  natural  state  of 

ooQiolidation.    Table  A  shows,  for  each  of  the  twenty  harvest-years,  the  total 

amoont  in  inches,  of  rainfall  by  each  gauge,  of  drainage  or  percolation,  through 

20  inches,  40  inches,  and  60  inches  of  soil,  and  the  difference  approximately 

representing  the  evaporation.    The  evaporation  was  in  all  cases  calculated  on  the 

ndnflEdl  shown  by  the  Tinn^^  ^^^^  ^^  g&nge.  Table  B  shows,  for  each  of  the  twelve 

months  of  the  harvest-year,  the  average  rainfall,  drainage,  and  evaporation  over 

the  twenty  years.    Tables  G  and  D  are  general  summaries  of  the  average 

remits  for  the  first  ten,  the  second  ten,  and  the  total  period  of  twenty  years. 

The  succeeding  twenty  Tables  give,  respectively,  for  each  of  the  twenty 

harrest-years,  the  rainfall,  drainage,  and  evaporation,  for  each  month,  and  the 

total  for  the  year.    It  should  be  explained  that  the  funnel  portion  of  the  jianih 

of  an  acre  rain-gauge  is  constructed  of  wood,  lined  with  lead,  the  upper  edge 

ooDsisting  of  a  vertical  rim  of  plate-glass  bevelled  outwards.    The  rain  is  con- 

docted  by  a  tube  into  a  galvanized  iron  cylinder  underneath,  and  when  this  is 

^  it  overflows  into  a  second  cylinder,  and  so  on  into  a  third  and  fourth,  and 

fioally  into  an  iron  tank.    Each  of  the  four  cylinders  holds  rain  corresponding 

to  }  an  inch  of  depth,  and  the  tank  an  amount  equal  to  2  inches.    Each 

cylinder  has  a  gauge-tube  attached,  graduated  to  read  to  0*002  inch,  but  which 

^  be  read  to  0*001  inch.     Small  quantities  are  transferred  to  a  smaller 

cylinder,   with  a  gauge-tube   graduated  to  0*001   inch.     The  three  drain- 

S^^iges  were  constructed  by  digging  a  deep  trench  along  the  front,  gradually 

uidennining  at  the  depth  required,  and  putting  in  plates  of  cast-iron,  with 

P^oiated  holes,  to  support  the  mass.    The  iron  plates  were  kept  in  place  by  iron 

^eis,  and  the  ends  of  the  plates  and  of  the  girders  supported  by  brickwork  at 

the  hack  and  the  two  sides.    Trenches  were  then  dug  round  the  block  of  soil, 

()it  by  bit,  and  it  was  gradually  enclosed  by  walls  of  brick  laid  in  cement 

^low  the  perforated  iron  bottom  a  zinc  funnel  of  the  same  area  as  the  block 

^f  toil  was  finally  fixed,  and  the  drainage  water  was  collected  and  measured  in 

S^vanized  iron  cylinders,  with  gauge-tubes,  as  in  the  case  of  the  rain.    These 

^il  drain-gauges  being  kept  without  vegetation,  their  results  are  not  directly 

applicable  for  estimating  the  amount  of  percolation  over  a  drainage-area  more 

^  less  covered  with  vegetation,  and  it  had  been  suggested  that  they  should 

^  ^  covered.    But  this  would  sacrifice  important  results ;  and  as  the  amount  of 

^poration  is  very  different  with  different  kinds  of  vegetation,  the  results  with 

^ly  three  drain-gauges,  and  these  with  one  description  of  soil,  and  of  varying 

^^Pth,  would  also  be  inapplicable  for  the  purpose  of  directly  estimating  the  per- 

^^tion  of  a  district    In  1874  a  series  of  eighteen  drain-gauges  was  arranged 

"^  the  investigation  of  the  influence  of  various  crops,  but  unfortunately  the 

'P^ially  made  glazed  stoneware  cylinders,  24  inches  diameter  and  60  inches 

^Pi  were  found  not  to  be  watertight,  and  hence  the  attempt  was  abandoned. 

'^oout  forty  years  ago,  however,  experiments  of  quite  another  kind  were  made  at 

^tbomsted  for  several  years  in  succession,  to  determine  the  amount  of  water 
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giyen  off  by  plants  daring  their  growth,  those  selected  including  varions  indivi- 
dual agricultural  plants,  the  mixed  herbage  of  grass-land,  and  also  evergreen  and 
deciduous  trees.  The  results  afforded  valuable  data  upon  which  to  form  a  judg- 
ment as  to  the  probable  amounts  of  evaporation  due  to  vegetation ;  and  the 
indications  so  obtained,  together  with  those  of  direct  percolation  experimenta 
with  and  without  vegetation,  constitute  the  only  evidence  of  a  purely  experi- 
mental kind  at  present  available,  as  the  basis  of  general  estimates.  It  is,  however^ 
obviously  desirable  that  estimates  so  founded  should  be  studied  in  connection 
with  those  arrived  at  in  other  ways,  such  as  by  the  gaugings  of  rivers  and  of 
wells. 


LOKDOM  :    fiUKTED  BT  WILLIAM  CLOWK8  AND  &ON8,   LIUITKD,  STAMFORD  STftStt 

A.N'1>  CUAUIKti   CUUtt». 


\Rej>rinted  from  Nature  of  November  12,  1891. 


RESULTS  OF  EXPERIMENTS  AT  ROTHAMSTED 


ON    THE 


PSTIOM  OF  THE  nXATION  OF  FREE  NITROGEN.' 


pROM  the  results  of  the  experiments  of  Boussingault, 
^  and  also  of  those  made  at  Rothamsted  under  con- 
ditions of  sterilization  and  inclosure  more  than  thirty 
years  ago,  Sir  J.  B.  Lawes  and  the  author  had  always 
concluded  that  at  any  rate  our  agricultural  plants  did  not 
assimilate  free  nitrogen.  They  had  also  abundant  evidence 
that  the  Papilionaceae,  as  well  as  other  plants,  derived 
much  nitrogen  from  the  combined  nitrogen  in  the  soil 
and  sub-soil.  Still,  they  had  long  recognized  that  the 
source  of  the  whole  of  the  nitrogen  of  the  Papilionaceae 
was  not  explained ;  that  there  was,  in  fact,  ^'  a  missing 
link  " !  They  were,  therefore,  prepared  to  recognize  the 
importance  of  the  results  first  announced  by  Prof.  Hell- 
riegel  in  1886 ;  and  they  had  hoped  to  commence  experi- 
ments on  the  subject  in  1887,  but  they  had  not  been  able 
to  do  so  until  1888.  Those  first  results  showed  a  con- 
siderable formation  of  nodules  on  the  roots,  and  coin- 
cidently  great  gain  of  nitrogen,  in  plants  grown  in  sand 
(with  the  plant-ash)  when  it  was  microbe-seeded  by  a 
turbid  watery  extract  of  a  rich  soil. 

In  1889  and  since,  they  had  made  a  more  extended 
series.     The  plants  were  grown  in  pots  in  a  glass-house. 

'  Abstract  of  a  paper  read  before  the  Afpicultural  Chemistry  Section  of 
the  Naturforscher  Versammlung  at  Halle  a.S.,  by  Dr.  J.  H.  Gilbert, 
F.R.S.,  September  24.  1891. 


LOVii* 


There  were  four  pots  of  each  description  of  plant,  one 
with  sterilized  sand  and  the  plant-ash,  two  with  the  same 
sand  and  ash,  but  microbe-seeded  with  watery  extract, 
for  some  plants  from  a  rich  garden  soil,  for  lupins  from  a 
sandy  soil  in  which  lupins  were  growing  luxuriantly,  and 
for  some  other  plants  from  soil  where  the  particular  plant 
was  growing.  In  all,  in  1889  and  subsequently,  they  had 
grown  in  this  way  four  descriptions  of  annual  plants 
— namely,  peas,  beans,  vetches,  and  yellow  lupins  ;  and 
four  descriptions  of  longer  life — namely,  white  clover, 
red  clover,  sainfoin,  and  lucerne.  Enlarged  photographs 
of  the  above  ground-growth,  and  of  the  roots,  of  the  peas, 
the  vetches,  and  the  lupins,  so  grown,  were  exhibited. 
Without  microbe-seeding  there  was  neither  nodule- 
formation  nor  any  gain  of  nitrogen  ;  but  with  microbe- 
seeding  there  was  nodule-formation,  and,  coincidently, 
considerable  gain  of  nitrogen. 

As,  however,  in  this  exact  quantitative  series,  the 
plants  were  not  taken  up  until  they  were  nearly  ripe,  it 
was  obvious  that  the  roots  and  their  nodules  could  not 
be  examined  during  growth,  but  only  at  the  conclusion, 
when  it  was  to  be  supposed  that  the  contents  of  the 
nodules  would  be  to  a  great  extent  exhausted.  Another 
series  was,  therefore,  undertaken,  in  which  the  same  four 
annuals,  and  the  same  four  plants  of  longer  life,  were 
grown  in  specially  made  pits,  so  arranged  that  some  of 
the  plants  of  each  description  could  be  taken  up,  and 
their  roots  and  nodules  studied,  at  successive  periods  of 
growth  :  the  annuals  at  three  periods — namely,  first  when 
active  vegetation  was  well  established,  secondly  when  it 
was  supposed  that  the  point  of  maximum  accumulation 
had  been  approximately  reached,  and  thirdly  when  nearly 
ripe ;  and  the  plants  of  longer  life  at  four  periods — 
namely,  at  the  end  of  the  first  year,  and  in  the  second 
year  when  active  vegetation  was  re-established,  when  the 
point  of  maximum  accumulation  had  been  reached,  and 
lastly  when  the  seed  was  nearly  ripe.  Each  of  the  eight 
descriptions  of  plant  was  grown  in  sand  (with  the  plant- 
ash),  watered  with  the  extract  from  a  rich  soil ;  also  in  a 
mixture  of  two  parts  rich  garden  soil  and  one  part  of 
sand.  In  the  sand  the  infection  was  comparatively  local 
and  limited,  but  some  of  the  nodules  developed  to  a  great 
size  on  the  roots  of  the  weak  plants  so  grown.  In  the 
rich  soil  the  infection  was  much  more  general  over  the 
whole  area  of  the  roots,  the  nodules  were  much  more 
numerous,  but  generally  very  much  smaller.     Eventually 
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the  nodules  were  picked  oflf  the  roots,  counted,  weighed, 
and  the  dry  substance  and  the  nitrogen  in  them  deter- 
mined. 

Taking  the  peas  as  typical  of  the  annuals,  and  the 
sainfoin  of  the  plants  of  longer  life,  the  general  result 
was,  that  at  the  third  period  of  growth  of  the  peas  in 
sand  the  amount  of  dry  matter  of  the  nodules  was  very 
much  diminished,  the  percentage  of  nitrogen  in  the  dry 
matter  was  very  much  reduced,  and  the  actual  quantity 
of  nitrogen  remaining  in  the  total  nodules  was  also  very 
much  reduced.     In  fact  the  nitrogen  of  the  nodules  was 
almost  exhausted.    The  peas  grown  in  rich  soil,  however, 
maintained  much  more  vegetative  activity  at  the  con- 
clusion, and  showed  a  very  great  increase  in  the  number 
of  nodules  from  the  first  to  the  third  period  ;  and  with 
this  there  was  also  much  more  dry  substance,  and  even 
a  greater  actual  quantity  of  nitrogen,  in  the  total  nodules 
at  the  conclusion.     Still,  as  in  the  peas  grown  in  sand, 
the  percentage  of  nitrogen  in  the  dry  substance  of  the 
nodules  was  very  much  reduced  at  the  conclusion.     In 
the  case  of  the  plant  of  longer  life,  the  sainfoin,  there  was, 
^th  in  sand  and  in  soil,  very  great  increase  in  the  num- 
^r  of  nodules,  and  in  the  actual  amount  of  dry  substance 
and  of  nitrogen  in  them,  as  the  growth  progressed.     The 
percentage  of  nitrogen  in  the  dry  substance  of  the  nodules 
*lso  showed,  even  in  the  sand,  comparatively  little  reduc- 
^'on,  and  in   soil  even   an  increase.     In  fact,   separate 
analyses  of  nodules  of  different  character,  or  in  different 
conditions,  showed  that  whilst  some  were  more  or  less 
exhausted  and  contained  a  less  percentage  of  nitrogen, 
others  contained  a  high  percentage,  and  were  doubtless 
^^T  and  active.     Thus,  the  results  pointed  to  the  inter- 
fh^*^^  conclusion,  that,  in  the  case  of  the  annual,  when 
^*  s^d  is  formed,  and  the  plant  more  or  less  exhausted, 
^^^  the  actual  amount  of  nitrogen  in  the  nodules,  and  its 
Jj^^^entage  in  the  dry  substance,  are  greatly  reduced,  but 
:"^^>    with  the  plant  of  longer  life,  although  the  earlier 
^^^ed  nodules  become  exhausted,  others  are  constantly 
I^^duced,  thus  providing  for  future  growth. 
,  ^s  to  the  explanation  of  the  fixation  of  free  nitrogen, 
^^  facts  at  command  did  not  favour  the  conclusion  that 
Jjnder  the  influence  of  the  symbiosis  the  higher  plant 
IJ^lf  was  enabled  to  fix  the  free  nitrogen  of  the  air  by 
J|s  leaves.    Nor  did  the  evidence  point  to  the  conclusion 
*^t  the  nodule-bacteria  became  distributed  through  the 
^*J  and  there  fixed  free  nitrogen,  the  compounds   of 
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nitrogen  so  produced  being  taken  up  by  the  higher 
plant.  It  seemed  more  consistent,  both  with  experimental 
results  and  with  general  ideas,  to  suppose  that  the  nodule- 
bacteria  fixed  free  nitrogen  within  the  plant,  and  that  the 
higher  plant  absorbed  the  nitrogenous  compounds  pro- 
duced. In  other  words,  there  was  no  evidence  that  the 
chlorophyllous  plant  itself  fixed  free  nitrogen,  or  that  the 
fixation  takes  place  within  the  soil,  but  it  was  more  prob- 
able that  the  lower  organisms  fix  the  free  nitrogen.  If 
this  should  eventually  be  established,  we  have  to  re- 
cognize a  new  power  of  living  organisms — that  of  as- 
similating an  elementary  substance.  But  this  would  only 
be  an  extension  of  the  fact  that  lower  organisms  are 
capable  of  performing  assimilation- work  which  the 
higher  cannot  accomplish  ;  whilst  it  would  be  a  further 
instance  of  lower  organisms  serving  the  higher.  Finally, 
it  may  here  be  observed  that  Loewhas  suggested  that  the 
vegetable  cell,  with  its  active  protoplasm,  if  in  an  alkaline 
condition,  might  ^x  free  nitrogen,  with  the  formation  of 
ammonium  nitrite.  Without  passing  any  judgment  on 
this  point,  it  may  be  stated  that  it  has  frequently  been 
found  at  Rothamsted  that  the  contents  of  the  nodules 
have  a  weak  alkaline  reaction  when  in  apparently  an 
active  condition — that  is,  whilst  still  flesh-red  and 
glistening. 

As  to  the  importance  of  the  fixation  for  agriculture, 
and  for  vegetation  generally,  there  is  also  much  yet  to 
learn.  It  is  obvious  that  di^erent  Papilionaceae  growing 
under  the  same  external  conditions  manifest  very  dif- 
ferent susceptibility  to,  or  power  to  take  advantage  of,  the 
symbiosis.  The  fact,  as  shown  by  Prof.  Nobbe,  that 
Papilionaceous  shrubs  and  trees,  as  well  as  herbaceous 
plants,  are  susceptible  to  the  symbiosis,  and  under  its  in- 
fluence may  gain  much  nitrogen,  is  of  interest  from  a 
scientific  point  of  view  as  serving  to  explain  the  source  of 
some  of  the  combined  nitrogen  accumulated  through  ages 
on  the  surface  of  the  globe  ;  and  also  from  a  practical 
point  of  view,  since,  especially  in  tropical  countries,  such 
plants  yield  many  important  food  materials,  as  well  as 
other  industrial  products. 

In  conclusion,  it  will  be  seen  that  the  experimental 
results  which  have  been  brought  forward  constitute  only 
a  small  proportion  of  those  already  obtained  or  yet  to  be 
obtained  at  Rothamsted,  but  they  have  been  selected  as 
being  to  a  great  extent  typical,  and  illustrative  of  tfoe 
lines  of  investigation  which  are  being  carried  out 
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Introduction. 

^T  happens  that  the  agricultural  plants  belonging  to  the  great 

^ttiily  of  the  Leguminosce  are  all  included  within   the    sub- 

^^er  Papilionacece.     But,  as  the  terms  Leguminosce  and  legumin^ 

^^  are  better  known  in  agricultural  discussions,  they  will  be 

^opted  throughout  this  article.     It  will  be  seen  farther  on, 

'however,  that  the  limitation  which  the  use  of  the  terms  Pwpilio- 

^^ece  and papilionaceovs  would  imply,  may  possibly  in  the  course 

^*  future  investigation  prove  to  be  more  appropriate,  especially 

^^en  the  subject  of  the  sources  of  the  nitrogen  of  the  plants 

^^  the  different  sub-divisions  is  in  question  (see  p.  33). 

There  can  be  no  doubt,  that  both  the  scientific  interest,  and 

*ie  practical  value,  of  our  leguminous  crops,  depend  very  much 

^^    the  amount  of  nitrogen  which  they  contain,  and   on  the 

^^^rces  of  their  nitrogen  ;  and  especially  on  the  great  differences 
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in  these  respects  between  them  and  the  representatives  of  the 
other  families  of  plants  with  which  they  are  grown,  either  in 
alternation  in  our  rotations,  or  in  association  in  our  meadows 
and  pastures. 

It  is  well  known  that,  under  the  conditions  in  which  crops 
are  grown  in  ordinary  agriculture,  nitrogenous  manures  have 
very  direct  effects  in  increasing  the  produce  of  wheat,  of  barley, 
and  of  oats,  of  turnips,  of  mangel,  and  of  potatoes.  This  is  the 
case,  notwithstanding  that  in  the  cereals  the  increased  produce 
consists  characteristically  of  the  non-nitrogenous  substances 
starch  and  cellulose ;  in  the  root-crops  of  the  non-nitrogenous 
substance  sugar;  and  in  potatoes  of  the  non-nitrogenous  substance 
starch.  Leguminous  crops,  on  the  other  hand,  not  only  as  a 
rule  accumulate  much  more  nitrogen  over  a  given  area  of  land 
under  equal  soil  conditions,  and  contain  a  higher  percentage  of 
nitrogen  in  their  dry  substance,  than  the  crops  above  enumerated, 
but  there  is  abundant  evidence  that  they  also  derive  much 
nitrogen  from  the  combined  nitrogen  of  the  soil  and  subsoil,  and 
further  that  they  probably  take  up  much  as  nitric  acid ;  yet,  it 
is  generally  recognised  in  practical  agriculture,  that  direct  nitro- 
genous manures  have  comparatively  little  effect  in  increasing  the 
produce  of  such  crops. 

The  influence  of  nitrogenous  manures  in  increasing  the  pro- 
duction of  the  non-nitrogenous  constituents  of  our  crops  is  very 
strikingly  illustrated  by  the  results  given  in  Table  I.  (p.  5). 

The  calculations  are  based  on  the  average  produce  obtained 
in  the  experiments  at  Rothamsted  by  the  different  manures — of 
wheat  over  twenty  years,  of  barley  over  twenty  years,  of  sugar- 
beet  over  three  years,  of  mangel-wurzel  over  eight  years,  of 
potatoes  over  ten  years,  and  of  beans,  over  eight  years. 

As  will  be  seen,  the  Table  shows — the  estimated  amounts 
of  carbon,  per  acre  per  annum,  in  the  total  produce  (grain  and 
straw)  of  wheat,  and  of  barley,  in  the  roots  of  sugar-beet  and  of 
mangel-wurzel,  in  the  tubers  of  potatoes,  and  in  the  total  produce 
(corn  and  straw)  of  beans,  when  each  is  groAvn  by  a  complex 
mineral  manure  without  nitrogen,  and  also  when  grown  with  the 
same  mineral  manure  with  nitrogenous  manures  in  addition. 
Next  is  shown  the  estimated  gain  of  carbon,  that  is,  the  increased 
amount  of  it  accumulated  in  the  crop  under  the  influence  of  the 
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TiBLB  h-^Eftimatei  of  the  Yield  and  Gain  of  Carbon^  and  of  the  Inoreoied 
Produce  of  Carbohydrates ,  per  acre  per  annum^  in  various  Crops, 


Cfarbon 


Actual 


Gain 


Carbohydrates 


For  1  lb. 
Gain         nitrogen 
iu  maimro 


Wheat  twenty  years^  1852-71. 


I 


Mineral  manure 

„  „      and  43  lb.  nitrogen  as 


lb. 
988 


ammonia I J     * 

Mineral  manure  and  86  lb.  nitrogen  as    \  o  2'> 

ammonia /     * 

Mineral  manure  and  86  lb.  nitrogen  as 

nitrate     .        .        .        . 


lb. 

590  i        602 
222       ],234 


I 


}  2,500 


Barley  twenty  years^  1852-71. 


Mineral  manure 1,138  |       — 

.imonia".      »«d  43  lb.  nitrogen  as    |  2.O88  |       050 


Sugar-beet  three  years,  1871-73. 


Mangel-wurzel  eight  years^  187G-83. 


Mineral  manure  and  86  lb.  nitrogen  as    1  «  100  I     1  a-n 
nitrate  ''    '  ' 


i 


Potatoes  ten  years,  1876-85 


^Hneral 


manure 


If 


&mmonia 
'ineral  n 
nitrate 


»> 


1,021  — 

and  86  lb.  nitrogen  fis  |\  1  703        "go 


Mineral  manure  and  86  lb.  nitrogen  as    1   ,  „ 


62 


i31 


Beans  eight  years,  1862  and  1864-70 


lb. 

1,240 
2,550 


1,512        3,140 


lb. 

28-8 
29-7 
36-5 


1,992 


Mineral  manure '      1,123         _  — 

ammonia"       ^^  ^6 lb.  nitrogen  as  :  J  ^g^^j  1     ^^^^^    1    g^gg 

Mineral 
nitrate 


manureand861b.nitrogenas;|3Q3/     ^g^g'     ^^53 


Mineral  manure 759  I      —      1      — 

ammonia"       ^^^^  ^^^^- "^*'^-^°  ^    }  1.889  ,     1,130        2.376 


2,771 


1,507 
1,416 


^lineral  manure |        726  ! 

„       and  86  lb.  nitrogen  as    \^     ^go  | 


nitrate 


266 


474 


463 


371 

471 


276 
322 


175 
16-5 


6'5 
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nitrogenons  manures.  The  estimated  increased  production  of 
total  carbohydrates,  under  the  influence  of  the  nitrogenous 
manures,  is  then  given  ;  and  lastly,  the  estimated  gain  of  carbo- 
hydrates for  1  lb.  of  nitrogen  supplied  in  manure.  Such  estimates 
can  obviously  be  only  approximations  to  the  truth  ;  but,  accepted 
as  such,  they  are  of  interest  and  of  use,  as  conveying  some 
definite  impression  of  the  influence  of  nitrogenous  manures  on 
carbon-assimilation,  and  on  carbohydrate-formation.* 

It  is  seen  that,  independently  of  the  underground  growth, 
the  wheat  was  estimated  to  assimilate  988  lb.  of  carbon  per  acre 
per  annum,  under  the  influence  of  a  complex  mineral  manure 
alone  ;  and  that  the  amount  was  increased  to  1 ,590  lb.  by  the 
addition  of  43  lb.  of  nitrogen  as  ammonium- salts,  to  2,222  lb. 
by  86  lb.  of  nitrogen  as  ammonium- salts,  and  to  2,500  lb.  by 
86  lb.  of  nitrogen  as  sodium-nitrate.  Accordingly,  as  shown  in 
the  second  column,  the  increased  assimilation  of  carbon  was,  by 
43  lb.  of  nitrogen  as  ammonium-salts  602  lb.,  by  86  lb.  as 
ammonium-salts  1,234  lb.,  and  by  86  lb.  as  sodium-nitrate 
1,512  1b. 

Reckoned  in  the  same  way,  the  increased  assimilation  of 
carbon  in  the  barley  was,  for  43  lb.  of  nitrogen  as  ammonium- 
salts,  950  lb.  per  acre  ;  that  is,  one-and-a-half  time  as  much  as 
by  the  same  application  in  the  case  of  wheat. 

In  the  sugar-beet  the  increased  assimilation  of  carbon,  and 
accumulation  of  it  in  the  roots,  was  1,477  lb.  per  acre  by  the 
application  of  86  lb.  of  nitrogen  as  ammonium-salts,  and  1 ,908  lb. 
by  86  lb.  of  nitrogen  as  sodium- nitrate.  There  was,  therefore, 
more  increased  assimilation  of  carbon  and  accumulation  of  it  in 
the  roots  of  the  sugar-beet,  than  in  the  grain  and  the  straw  of 
wheat,  by  the  same  applications  of  nitrogenous  manure. 

In  the  mangel-wurzel  the  increased  accumulation  of  carbon 
in  the  roots  was  1 ,130  lb.  by  86  lb.  of  nitrogen  as  ammonium-sal ta, 
and  1,370  lb.  by  86  lb.  as  nitrate ;  that  is,  less  than  in  the  removed 
crops  (com  and  straw)  of  wheat,  and  considerably  less  than  in 
the  removed  crops  (the  roots)  of  sugar-beet. 

In  the  potatoes,  reckoned  on  the  increased  production  of 
tubers  only  (the  tops  being  left  on  the  land),  the  increased  yield 
of  carbon  by  86  lb.  of  nitrogen  as  ammonium-salts  was  702  lb. 

>  The  mode  of  calculating  the  amounts  of  carbon  and  of  carbohydrates  is 
as  follows : — From  the  amount  of  dry  substance  in  the  crops  the  amounts  of 
mineral  matter  and  of  nitrogenous  substance  are  deducted, and  the  remainder 
represents  approximately  the  amount  of  carbohydrates.  The  amount  of  car- 
bon in  the  nitrogenous  substance  is  calculated  ;  and  then  that  in  the  carbo- 
hydrates, on  the  assumption  that,  in  the  wheat,  barley,  and  beans,  starch  and 
cellulose  are  the  main  products ;  in  the  sugar-beet  and  mangel-wurzel,  cane- 
sugar,  pectine,  and  cellulose ;  and  in  the  potatoes,  starch  and  cellulose. 
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per  acre,  and  by  86  lb.  as  sodium-nitrate  731  lb.  That  is  to 
say,  there  was  considerably  less  increased  production  of  starch 
in  potatoes  than  of  sugar  in  sugar-beet  or  mangel-wurzel,  by 
the  same  applications  of  nitrogenous  manure. 

Lastly,  in  the  leguminous  crop — beans,  with  its  high  yield 
of  nitrogen  per  acre,  and  the  high  percentage  of  nitrogen  in  its 
dry  substance — the  increased  assimilation  of  carbon  under  the 
influence  of  nitrogenous  manure  was,  comparatively,  quite  insig- 
nificant. Thus,  there  was,  by  the  application  of  86  lb.  of 
nitrogen  as  sodium-nitrate,  an  increased  assimilation  of  carbon 
of  only  266  lb.  per  acre;  or  little  more  than  one-sixth  as  much 
as  in  wheat,  and  little  more  than  one-eighth  as  much  as  in  sugar- 
beet,  by  the  same  application. 

Turning  to  the  figures  in  the  third  column  of  the  Table  on 
page  5,  it  is  seen  that  there  was  a  very  greatly  increased 
production  of  the  non-nitrogenous  bodies — the  carbohydrates — 
by  the  use  of  nitrogenous  manures. 

Thus,  by  the  use  of  431b.  of  nitrogen  as  ammonium-salts, 
there  was  an  estimated  increase  of  1,240  lb.  of  carbohydrates  in 
the  grain  and  straw  of  wheat,  and  of  1,992  lb.  in  those  of 
barley.  By  the  application  of  86  lb.  of  nitrogen  as  ammonium- 
salts,  there  was  an  increased  formation  of  2,550  lb.  of  carbo- 
hydrates in  wheat,  of  3,188  lb.  in  sugar-beet,  of  2,376  lb.  in  man- 
gel-wurzel, and  of  only  1,5071b.  in  potatoes;  and  when  861b. 
were  applied  as  sodium-nitrate,  there  was  an  increased  produc- 
tion of  3,140  lb.  in  wheat,  of  4,052  lb.  in  sugar-beet,  of  2,771  lb. 
ill  mangel-wurzel,  and  of  only  1,416  lb.  in  potatoes;  whilst, 
compared  with  these  amounts,  there  was  in  beans,  by  the  same 
application,  an  increase  of  only  474  lb.  of  carbohydrates. 

The  last  column  shows  the  estimated  increased  amounts  of 
^bohydrates  produced,  for  1  lb.  of  nitrogen  supplied  in  manure, 
in  the  different  cases.  Thus,  when  43  lb.  of  nitrogen  were  applied 
^  ammonium-salts,  1  lb.  of  nitrogen  in  manure  gave  an  in- 
creased production  of  28*8  lb.  of  carbohydrates  in  the  grain  and 
straw  of  wheat,  and  of  46*3  lb.  in  those  of  barley  ;  when  86  lb. 
Were  applied  as  ammonium-salts,  1  lb.  gave  an  increase  of  29*7  lb. 
^rbohydrates  in  the  grain  and  straw  of  wheat,  37*1  lb.  in  the 
roots  of  sugar-beet,  27*6  lb.  in  those  of  mangel-wurzel,  and 
^f'olb.  in  potatoes.  Again,  when  86  lb.  were  applied  as  sodium- 
^itrate,  1  lb.  gave  an  increase  of  36  5  lb.  carbohydrates  in  wheat, 
^^'1  lb.  in  sugar-beet,  32*2  lb.  in  mangel-wurzel,  16*5  lb.  in 
potatoes,  and  only  5*5  lb.  in  the  leguminous  crop — beans. 

Thus,  then,  we  have  the  apparently  anomalous  result,  that 
the  crops  which  are  characterised  by  yielding  a  comparatively 
small  amount  of  nitrogen  over  a  given  area,  by  containing  a  com- 


8         Tlie  Sources  of  the  Nitrogen  of  our  Leguminmis  Crops, 

paratively  low  percentage  of  nitrogen  in  their  dry  substance, 
and  by  yielding  comparatively  large  amounts  of  the  Tion-nitro- 
genous  products — starch,  sugar,  and  cellulose — are  especially 
benefited  by  the  application  of  nitrogenous  manures,  and  under 
their  influence  yield  greatly  increased  amounts  of  those  non-nitro- 
genous bodies;  whilst  the  leguminous  crops,  which  contain  a 
much  higher  percentage  of  nitrogen,  and  yield  much  more 
nitrogen  over  a  given  area  of  land,  under  the  same  soil  and 
season  conditions,  are  much  less  benefited  by  such  manures. 

Without  attempting  to  give  an  adequate  physiological  ex- 
planation of  this  curious  result,  some  of  the  facts  bearing  upon 
it  may  be  briefly  stated  as  follows  :  The  non-leguminous  crops 
having  comparatively  limited  power  of  accumulating  nitrogen 
under  given  soil  conditions,  they  generally  require  nitrogenous 
manuring  ;  the  amount  of  nitrogen  assimilated  to  a  great  extent 
rules  the  amount  of  Chlorophyll  formed ;  chlorophyll  formation  is 
an  essential  condition  of  carbon  assimilation;  the  amount  of 
carbon  assimilated  is  the  chief  measure  of  the  amount  of  pro- 
duce ;  and  since  the  more  special  or  characteristic  products  of 
the  non-leguminous  crops  are  the  non-nitrogenous  substances — 
the  carbohydrates,  the  natural  result  of  the  increased  assimila- 
tion of  nitrogen,  and  the  consequent  increased  luxuriance,  is  an 
increased  formation  of  the  bodies  which  are  their  essential  or 
characteristic  products. 

The  fact  is,  that  whilst  it  can  hardl  v  be  said  that  there  remains 
an  unsolved  problem  in  the  matter  of  the  sources  of  the  nitrogen 
of  our  TKm-leguminous  crops-^of  wheat,  of  barley,  and  of  grasses,  as 
representatives  of  the  great  family  of  the  Gh'aminece ;  of  turnips, 
representing  the  Gruciferce ;  of  some  varieties  of  beet,  represent- 
ing the  Chenopodiacece ;  and  of  potatoes  of  the  Solaneoe — it  must 
be  admitted  to  be  quite  otherwise  so  far  as  our  leguminous  crops 
are  concerned. 

It  is  nearly  a  century  ago  since  the  question  whether  plants 
took  up,  or  evolved,  free  nitrogen,  became  a  matter  of  experi- 
ment and  of  discussion  ;  and  it  is  just  about  half  a  century  since 
Boussingault  commenced  experiments  to  determine  whether 
plants  assimilate  free  nitrogen.  From  his  results  he  concluded 
that  they  did  not ;  and  those  obtained  at  Rothamsted  about  thirty 
years  ago  confirmed  the  conclusions  of  Boussingault.  In  fact, 
we  concluded  that  under  the  conditions  of  those  experiments, 
which  were  those  of  sterilisation  and  enclosure,  in  which  there- 
fore the  action  both  of  electricity  and  of  microbes  was  excluded, 
the  results  were  conclusive  against  the  supposition  that,  under 
such  conditions,  the  higher  chloropliyllous  plants  can  directly 
fix  free  nitrogen,  either  by  their  leaves  or  otherwise. 
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It  may,  in  fact,  we  think,  be  concluded  that,  at  any  rate  in 
the  case  of  our  gramineous,  our  cruciferous,  our  chenopodiaceous, 
and  our  solaneous  crops,  free  nitrogen  is  not  the  source.  Never- 
theless, we  have  long  admitted  that  existing  evidence  was  insuffi- 
cient to  explain  the  source  of  the  whole  ot*  the  nitrogen  of  the 
LeguminoscB ;  that  there  was,  in  fady  a  missing  link  ! 

According  to  some  even  recent  experimenters,  however, 
gain  of  nitrogen  is  not  limited  to  our  leguminous  crops; 
and  the  modes  of  explanation  of  the  gains  which  have  been 
observed  are  extremely  various.  Thus,  it  has  been  assumed : 
that  combined  nitrogen  waa  absorbed  from  the  air,  either 
by  the  soil  or  by  the  plant ;  that  there  is  fixation  of  free 
nitrogen  within  the  soil  by  the  agency  of  porous  and  alkaline 
bodies ;  that  there  is  fixation  by  the  plant  itself ;  that  there  is 
fixation  within  the  soil  by  the  agency  of  electricity ;  and,  finally, 
that  there  is  fixation  under  the  influence  of  micro-organisms 
within  the  soil,  both  with  and  without  the  accompanying  growth 
of  higher  plants. 

Limiting  our  discussion  here  mainly  to  the  question  of  the 
sources  of  the  nitrogen  of  the  Leguminoscc,  it  may  be  said  that 
this  has  been  the  subject  of  experiment  and  of  controversy  for 
about  half  a  century,  and  it  is  generally  admitted  that  all  the 
evidence  that  has  been  acquired  on  lines  of  inquiry  until  re- 
cently followed,  has  failed  to  solve  the  problem.  During  the 
last  few  years,  however,  the  discussion  has  assumed  a  somewhat 
different  aspect.  The  question  still  is,  whether  free  nitrogen  is 
an  important  source  of  the  nitrogen  of  vegetation  generally,  but 
especially  of  the  Leguminosce  ;  but  whilst  few  now  assume  that 
the  higher  chlorophyllous  plants  directly  assimilate  free  nitro- 
gen, it  is  nevertheless  supposed  to  be  brought  under  contribu- 
tion in  various  ways ;  but  especially  by  being  brought  into 
combination  under  the  influence  of  micro-organisms,  or  of  other 
'ew  forms,  either  within  the  soil  itself,  or  in  symbiotic  growth 
with  a  higher  plant. 

Of  all  the  recent  results  bearing  upon  the  subject,  those  of 
Hellriegel  and  Wilfarth  with  certain  leguminous  plants  seem 
to  us  to  be  by  far  the  most  definite  and  significant ;  pointing  to 
the  conclusion  that,  although  the  higher  chlorophyllous  plants 
^aynot  directly  utilise  free  nitrogen,  some  of  them,  at  any  rate, 
may  acquii*e  nitrogen  brought  into  combination  under  the  influ- 
ence of  lower  organisms  ;  the  development  of  which  is,  appar- 
ently, in  some  cases  a  coincident  of  the  growth  of  the  higher 
plant  whose  nutrition  they  are  to  serve. 

It  was  in  the  Agricultural  Chemistry  Section  of  the  "  Natur- 
forscher  Versammlung"  held  in  Berlin,  in  1886,  when  one  of 
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ourselves  happened  to  be  presiding,  that  Professor  Hellriegel 
first  announced  his  new  results.  Quite  consistently,  not 
only  with  common  experience  in  agriculture,  but  also  with 
the  direct  experimental  results  of  ourselves  and  others,  Hellriegel 
found,  in  his  experiments,  that  plants  of  the  gramineous, 
the  chenopodiaceous,  the  polygonaceous,  and  the  cruciferous 
families,  depended  on  combined  nitrogen  supplied  within  the  soil. 
On  the  other  hand,  he  found  that  leguminous  plants  did  not 
depend  entirely  on  such  supplies.  His  results  were,  indeed, 
not  only  very  definite,  but  it  is  seen  that  they  had  a  special 
bearing  on  the  admittedly  unsolved  problem  of  the  source  of  the 
whole  of  the  nitrogen  of  leguminous  crops. 

HellriegeFs  experiments  and  results  may  be  briefly  described 
as  follows  : — In  1883  he  commenced  a  comprehensive  series  of 
vegetation  experiments  in  pots,  in  which  he  grew  agricultural 
plants  of  various  families  in  washed  quartz  sand.  To  all  the 
pots  nutritive  solutions,  but  containing  no  nitrogen,  were  added. 
To  one  series  nothing  else  was  supplied ;  to  a  second  a  fixed 
quantity  of  nitrogen  as  sodium-nitrate  was  added ;  to  a  third 
twice  as  much ;  and  to  a  fourth,  four  times  as  much.  The 
result  was  that,  in  the  case  of  the  GraminecBy  and  some  other 
plants,  the  growth  was  largely  proportional  to  the  combined 
nitrogen  supplied,  whilst  in  that  of  the  Leguminosce  it  was  not 
so.  In  the  case  of  these  plants — that  of  peas,  for  example — it 
was  observed  that,  in  a  series  of  pots  to  which  no  nitrogen  was 
ad4ed,  most  of  the  plants  were  apparently  limited  in  their 
growth  by  the  amount  of  nitrogen  which  the  seed  supplied. 
Here  and  there,  however,  a  plant  growing  under  ostensibly  the 
same  conditions  grew  very  luxuriantly;  and,  on  examination, 
it  was  found  that  whilst  no  nodules  were  developed  on  the  roots 
of  the  plants  of  limited  growth,  they  were  abundant  on  those  of 
the  luxuriantly  grown  plants. 

In  view  of  this  result,  Hellriegel,  with  his  colleague  Dr. 
Wilfarth,  instituted  experiments  to  determine  whether,  by  the 
infection  of  the  soil  with  appropriate  organisms,  the  formation 
of  the  root-nodules  and  luxuriant  gi'owth  could  be  induced  ;  and 
whether,  by  the  exclusion  of  such  infection,  the  result  could  be 
prevented.  To  this  end,  they  added  to  some  of  a  series  of  ex- 
perimental pots,  25  cubic  centimetres,  or  sometimes  50  cubic 
centimetres,  of  the  turbid  watery  extract  of  a  fertile  soil,  made 
by  shaking  a  given  quantity  of  it  with  five  times  its  weight  of 
distilled  water,  and  then  allowing  the  solid  matter  to  subside. 
In  some  cases,  however,  the  extract  was  sterilised.  In  those  in 
which  it  was  not  sterilised,  there  was  almost  always  luxuriant 
growth,  and  abundant  formation  of  root-nodules ;  but  with 
sterilisation  there  was  no  such  result.     Consistent  results  were 
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obtained  with  peas,  vetches,  and  some  other  Legumiuosce ;  but 
the  application  of  the  same  soil-extract  had  little  or  no  effect, 
in  the  case  of  lupins,  serradella,  and  some  other  plants  of  the 
family,  which  are  known  to  grow  more  naturally  on  sandy  than 
on  loamy  or  rich  humus  soils.  Accordingly,  they  made  a  similar 
extract  from  a  diluvial  sandy  soil,  where  lupins  were  growing 
well,  in  which  it  might  be  supposed  that  the  organism  peculiar 
to  such  a  soil  would  be  present ;  and,  on  the  application  of  this 
to  a  nitrogen- free  soil,  lupins  grew  in  it  luxuriantly,  and  nodules 
were  abundantly  developed  on  their  roots. 

Further  particulars  of  the  experiments  of  Hellriegel  and 
Wilfieurth,  and  also  of  the  results  and  conclusions  of  Berthelot, 
Detrain,  Joulie,  Dietzell,  Frank,  Emil  von  Wolff,  and  Atwater, 
as  well  as  of  some  of  the  later  experiments  of  Boussingault 
which  have  a  bearing  on  the  present  aspect  of  the  question,  will 
be  found  in  our  paper  in  the  Pliilosophical  Transactions,  Vol.  180 
(1889),  B.  A  short  account  is  also  given  of  the  experiments 
of  Br§al,  confirming  the  results  of  Hellriegel,  in  our  paper  in 
the  «  Proceedings  of  the  Royal  Society,"  Vol.  47,  1890.^ 

Thus,  then,  not  only  did  Hellriegel  and  Wilfarth  get  nega- 
tive results  with  plants  of  other  families  than  the  Legumhwsa^  as 
all  experience  would  lead  us  to  expect,  but  they  obtained  posi- 
tive results  with  the  Leguminosce^  in  regard  to  the  source  of  the 
whole  of  the  nitrogen  of  which  experience  showed  that  there 
was  a  "  missing  link."  Such  results  were  obviously  of  funda- 
mental and  of  far-reaching  importance  ;  and  it  seemed  desirable 
that  the  subject  should  be  further  investigated  with  a  view  to 
their  confirmation  or  otherwise.  Accordingly,  it  was  decided  to 
take  it  up  at  Rothamsted,  and  it  was  hoped  to  commence  experi- 
ments in  1887,  but  it  was  not  possible  to  do  so  until  1888.  In 
that  year,  a  preliminary  series  was  undertaken  ;  the  investigation 
^as  continued  in  1889  and  1890,  and  is,  in  fact,  still  in  progress. 

It  is  proposed  to  give  in  the  following  pages  some  account 
of  the  conditions,  and  of  the  results,  of  these  recent  experiments 
made  at  Rothamsted,  which  do  show  a  fixation  of  free  nitrogen. 
B^t,  before  doing  so,  it  will  be  well  to  call  attention  to  those  of 
the  earlier  experiments,  which  did  not  indicate  any  fixation ;  as 
the  well-defined  difference  in  the  conditions  under  which  such 
Cerent  results  were  obtained  will  bring  clearly  to  view  what 
^  the  conditions  under  which  fixation  does,  and  what  are  those 
^der  which  it  does  not,  take  place.  We  shall  thus,  too,  be  the 
hetterable  to  form  some  judgment  as  to  the  practical  bearing 
of  the  recent  results. 


'  A.  Petermann  found  gain  with  lupins,  but  doubted  whether  it  was  en«  irel> 
"pe  to  root-nodale  action,  or  whether  it  was  from  the  combined  or  the  free 
nitrogen  of  the  air.    JBwW.  Stati4m  Agron,  Gembloux  (Belg.),  MatGh  U90. 
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Earlier  Experiments,  which  did  not  show  Fixation 

OF  Free  Nitrogen. 

It  has  already  been  stated,  that  the  results  and  conclnsion 
of  Boussingault  were  against  the  supposition  that  plants  as* 
similate  the  free  nitrogen  of  the  atmosphere.  His  numeroui 
experiments  on  the  subject  were  commenced  in  1837,  and  wer< 
continued  at  intervals  up  to  1858.  In  all  cases  the  substancei 
he  used  as  soil  were  sterilised ;  in  some  the  supplied  air  wai 
washed ;  whilst  in  others  the  plants  grew  in  limited  air,  o 
were  more  or  less  protected.  He  experimented  with  a  grea 
variety  of  plants — wheat  and  oats  representing  Qrofminece 
clover,  peas,  haricots,  and  lupins  as  Leguminoscv ;  also  gardei 
cress  and  sunflower. 

In  some  of  his  earlier  experiments,  conducted  in  free  air  in  j 
summer-house,  the  leguminous  plants,  trefoil  and  peas,  did  in^ 
dicate  some  gain  of  nitrogen ;  but  in  all  the  subsequent  experi- 
ments there  was  generally  either  a  slight  loss,  or,  if  a  gain,  ii 
was  represented  by  only  fractions,  or  low  units,  of  milligrams 
the  larger  amounts  being  with  Leguminosa),  in  free  air,  under  i 
glazed  case.  After  twenty  years  of  varied  and  laborious  investiga 
tion,  M.  Boussingault  concluded  that  plants  have  not  the  power  o 
assimilating  the  free  nitrogen  of  the  atmosphere. 

Experiments  on  the  subject  were  commenced  at  Bothamstec 
in  1857,  they  were  continued  for  several  years,  and  the  late  Dr 
Pugh  took  a  prominent  part  in  the  inquiry. 

The  soils  used  were  ignited,  washed,  and  re-ignited  pumic< 
or  soil.  The  specially-made  pots  were  ignited  before  use,  anc 
cooled  over  sulphuric  acid  under  cover.  Each  pot,  with  its  plants 
was  enclosed  under  a  glass  shade,  which  rested  in  the  groove  of  \ 
specially-made  hard-baked  glazed  stoneware  lute-vessel,  mercur 
being  the  luting  material.  Under  the  shade,  through  th< 
mercury,  passed  one  tube  for  the  admission  of  air,  another  fo 
its  exit,  and  another  for  the  supply  of  water  or  solutions  to  tin 
soil ;  and  there  was  an  outlet  at  the  bottom  of  the  lute-vessel  fo 
the  escape  of  the  condensed  water  into  a  bottle  affixed  for  tha 
purpose,  from  which  it  could  be  removed  and  returned  to  th< 
soil  at  pleasure. 

A  stream  of  water  being  allowed  to  flow  from  a  tank  into  i 
large  stoneware  WoulfTs  bottle,  of  more  than  20  gallons  capacity 
the  air  passed  from  it  by  a  tube,  through  two  small  glass  Woulff 
bottles  containing  sulphuric  acid,  then  through  a  long  tube  fill© 
with  fragments  of  pumice  saturated  with  sulphuric  acid,  an< 
lastly  through  a  Woulff  s  bottle  containing  a  saturated  solutio] 
of  ignited  carbonate  of  soda ;  and,  after  being  so  washed,  the  ai 
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entered  the  glass  shade,  from  which  it  passed,  by  the  exit  tube, 
through  an  eight-bulbed  apparatus  containing  sulphuric  acid,  by 
which  communication  with  the  unwashed  external  air  was  pre- 
vented. Carbonic  acid  was  supplied  as  required,  by  adding  a 
measured  quantity  of  hydrochloric  acid  to  a  bottle  containing 
fragments  of  marble,  the  evolved  gas  passing  through  one  of  the 
bottles  of  sulphuric  acid,  through  the  long  tube,  and  through  the 
carbonate  of  soda  solution,  before  entering  the  shade. 

In  1857  twelve  sets  of  such  apparatus  were  employed;  in 
1858  a  larger  number,  some  with  larger  lute-vessels  and  shades ; 
in  1859  six,  and  in  18G0  also  six.  Each  year  the  whole  were 
arranged,  side  by  side,  on  stands  of  brickwork,  in  the  open  air. 
The  numerical  results  obtained  in  the  experiments  of  1857  and 
1858  are  summarised  in  Table  II.  (p.  14). 

The  upper  part  of  the  Table  shows  the  results  obtained 
in  1857  and  1858,  in  the  experiments  in  which  no  combined 
nitrogen  was  supplied  beyond  that  contained  in  the  seed  sown. 
The  growth  was  extremely  restricted  under  these  conditions,  and 
the  figures  in  the  table  show  that,  neither  with  the  Graminew, 
the  Leguminosce,  nor  the  Polygonacece  (buckwheat),  was  there  in 
any  case  a  gain  of  three  milligrams  of  nitrogen.  In  most  cases 
there  was  much  less  gain  than  this,  or  a  slight  loss.  There  was,  in 
fact,  nothing  in  the  results  to  lead  to  the  conclusion  that  either  of 
these  different  descriptions  of  plant  had  assimilated  free  nitrogen. 

The  lower  part  of  the  Table  shows  the  results  obtained  in  the 
experiments  in  which  the  plants  were  supplied  with  known 
quantities  of  combined  nitrogen,  in  the  form  of  a  solution  of 
ammonium-sulphate,  applied  to  the  soil.  The  effect  of  this 
^rect  supply  of  combined  nitrogen  was  to  increase  the  growth 
^  a  very  marked  degree,  especially  in  the  case  of  the  Graminea', 
TTie  figures  in  the  table  show  that  the  actual  gains  or  losses  of 
J^trogen  ranged  a  little  higher  in  these  experiments,  in  which 
larger  quantities  were  involved ;  but  they  are  always  represented 
oy  units  of  milligrams  only,  and  the  losses  are  higher  than  the 
gains.  Further,  the  gains,  such  as  they  are,  are  all  in  the  experi- 
ments with  the  Graminecc,  whilst  there  is  in  each  case  a  loss  with 
the  Leguminosce,  and  with  the  buckwheat.  The  losses,  if  beyond 
the  limits  that  might  be  expected  from  experimental  error,  are 
"oubtless  due  to  decay  of  organic  matter,  fallen  leaves,  &c. 

It  should  be  stated  that  the  growth  was  far  more  healthy  with 
the  Graminece  than  with  the  Leguminosce^  wliich  are,  even  in  the 
open  field,  very  susceptible  to  vicissitudes  of  heat  and  moisture, 
^d  were  found  to  be  extremely  so  under  the  conditions  of  enclo- 
sure under  glass  shades.  It  might  be  objected,  therefore,  that 
the  negative  results  with  the  Leguminostv  are  not  so  conclusive 
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as  tliose  witli  the  Grainlneie.  Nererthelesa,  we  concluded,  and 
Rtill  conclude,  from  the  results  of  our  own  esperimemts,  as 
Boussingault  did  from  his,  that  neither  the  Grmninea:  nor  the 
Leyuminoeoe  directly  asEimilate  the  free  nitrogen  of  the  air. 
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That,  under  tlie  conditions  described,  the  Leguminosce^  as 
well  as  the  Graminerv^  can  take  up  and  assimilate  already  com- 
bined nitrogen  supplied  to  them  is  well  illustrated  in  the  experi- 
ments made  in  1860  with  Leguminosce  alone.  The  series  com- 
prised three  experiments  with  white  haricot  beans :  No.  1  with- 
OQt  any  other  supply  of  combined  nitrogen  than  that  in  the  seed ; 
No.  2  with  a  fixed  quantity  of  nitrogen  applied  as  ammonium 
Bulphate,  and  No.  3  with  a  fixed  quantity  supplied  as  nitrate ; 
also  three  experiments  with  white  lupins:  No.  1,  as  with  the 
haricots,  without  artificial  supply  of  combined  nitrogen ;  No.  2 
with  supply  as  ammonium  sulphate,  and  No.  3  as  nitrate.  Each 
of  these  two  descriptions  of  leguminous  plant  showed  consider- 
ably increased  growth  under  the  influence  both  of  ammonium 
sulphate  and  of  nitrate — indeed,  the  growth  was  much  more 
satisfactory  than  in  the  earlier  experiments.  Still,  owing  to  the 
atmospheric  conditions  within  the  shades,  as  above  referred  to, 
the  plants  lost  both  leaves  and  flowers,  and  were,  therefore,  taken 
up  earlier  than  they  otherwise  would  have  been.  The  analytical 
results  here  s^ain  indicated  no  gain  from  free  nitrogen,  either  in 
the  experiments  without,  or  in  those  with,  an  artificial  supply  of 
combined  nitrogen — indeed,  the  losses  were  greater  than  the 
gains. 

Such,  then,  w&t*e  the  negative  results  obtuined  when  plants  xcere 
^own  under  conditions  of  sterilisation  and  of  enclosure.  There 
^m,  under  such  conditions y  no  gain  from  free  nitrogen,  in  the 
growth  of  either  Oraminece,  Leguminosce,  or  other  plants. 


Recent  Experiments,  which  do  show  Fixation  of  Free 

Nitrogen," 

It  was  about  the  year  1876,  that  M.  Berthelot  called  in 
qnestion  the  legitimacy  of  the  conclusion  that  plants  do  not 
assimilate  the  free  nitrogen  of  the  air,  when  drawn  from  the 
results  of  experiments  in  which  the  plants  are  so  enclosed  as  to 
exclude  the  possibility  of  electrical  action ;  and  more  recently 
"6  has  objected  to  experiments  so  conducted  with  sterilised 
"materials,  on  the  ground  that,  under  such  conditions,  the  pre- 
sence, development,  and  action,  of  micro-organisms  are  excluded. 
«o  far,  however,  there  is  nothing  in  the  recent  results,  either  of 
^^.  Berthelot  himself  or  of  others,  which  can  be  held  to  invalidate 
the  conclusion  which  had  been  drawn  from  the  results  of  Bous- 
fi^Jiganlt,  and  from  those  obtained  at  Rothamsted,  that  the 
higher  chlorophyllous  plants  do  not  directly  assimilate  free 
lutrogen. 


16        The  Sources  of  the  Nib^ogen  of  our  Leguminous  Crops. 

Let  us  now  consider  what  are  the  results  obtained,  when  the 
conditions  of  growth  involve  neither  sterilisation  nor  enclosure. 

The  Vegetation  Experiments  in  1 888. 

As  already  stated,  it  was  in  1888  that  the  first  of  the  recent 
experiments  on  the  subject  were  made  at  Rothamsted.  This 
preliminary  series  comprised  experiments  with  peas,  blue  lupins, 
and  yellow  lupins.     The  peas  were  grown — 

Pot  1.  In  washed  sand,  with  the  ashes  of  the  plant  added  ; 
but  with  no  supply  of  combined  nitrogen  beyond  a  small  deter- 
mined amount  in  the  washed  sand,  and  that  in  the  seed  sown. 

Pot  2.  In  similarly  prepared  sand  (and  ash),  but  microbe- 
seeded  with  25  c.c.  of  the  turbid  watery  extract  from  a  rich  garden 
soil. 

Pot  3.  Duplicate  of  No.  2. 

Pot  4.  In  the  rich  garden  soil  itself. 

Each  of  the  two  descriptions  of  lupins  was  grown — 

Pot  I.  In  sand  prepared  as  for  the  peas,  but  with  lupin- 
plant-ash  instead  of  pea-plant-ash  added. 

Pot  2.  In  similar  washed  sand,  &c.,  but  seeded  with  25  c.c. 
of  the  turbid  watery  extract  from  a  sandy  soil  wliere  lupins  had 
grown  luxuriantly. 

Pot  3.  In  the  lupin  sandy  soil  itself 

Pot  4.  In  rich  garden  soil. 

The  twelve  pots  were  arranged  in  a  small  greenhouse  ;  and 
distilled  water,  free  from  ammonia,  was  used  for  watering. 

The  sand  employed  was  a  yellow  sand  from  Flitwick,  in 
Bedfordshire,  such  as  is  used  by  gardeners  in  the  neighbourhood 
for  potting.  The  stones  and  coarser  portions  were  removed  by 
sifting,  the  remainder  was  several  times  washed,  first  with  well- 
water,  and  afterwards  with  distilled ;  then  dried  in  a  water-bath, 
and  finally  mixed  with  the  plant-ash.  It  still  contained 
0  00266  per  cent,  of  nitrogen. 

The  sandy  soil  fi:om  which  the  watery  extract  was  made  for 
microbe-seeding  the  pots  where  lupins  were  to  grow,  and  which 
was  used  as  the  soil  in  experiment  No.  3  with  lupins,  was  ob- 
tained from  land  which  had  been  reclaimed  from  a  common  in 
SuflFolkj  on  which  no  com  crop  would  grow,  but  on  which,  when 
subsequently  sown  with  blue  lupins,  they  grew  as  high  as  the 
hurdles.  Excepting  that  visible  organic  matter  was  removed 
by  sifting  and  picking,  it  was  used  as  received,  in  which  state 
it  contained  0*0859  per  cent,  of  nitrogen. 

The  garden  soil  contained  10-12  per  cent,  of  moistare,  and 
0*3919  per  cent,  of  nitrogen,  corresponding  to  0*4360  per  cent, 
on  the  soil  dried  at  100^  C. 
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The  pots  used  were  made  of  glazed  earthenware.  They  had 
a  hole  half  an  inch  in  diameter  at  the  bottom  for  drainage ;  and 
another  at  the  side^  near  the  bottom,  for  aeration,  into  which  a 
glass  tube  bent  upwards,  and  lightly  closed  with  cotton-wool  to 
exclade  insects,  was  fixed.  The  pots  rested  on  slips  of  thick 
sheet  glass,  placed  in  basins  of  the  same  glazed  earthenware  as 
the  pots. 

The  plant-ashes  used  as  mineral  nutriment  were  prepared 
by  snspension  in  distilled  water,  adding  sulphuric  acid  to  the 
point  of  neutralisation,  evaporating  to  dryness,  and  gently  re- 
igniting. 

The  drain  hole  at  the  bottom  of  each  pot  was  loosely  covered 
with  a  piece  of  thick  glass,  and  1  lb.  of  broken,  washed,  and 
dried  flint  was  then  put  in.  The  pots  held  from  7  to  9  lb.  of 
the  yellow  sand,  from  6  to  7  lb.  of  the  lupin  sand,  and  about 
4J  lb.  of  the  garden  soil. 

The  soil-extracts  supposed  to  supply  the  organisms  were 
made  by  shaking,  in  a  stoppered  bottle,  one  part  of  the  garden 
soil  or  lupin  sand,  with  five  parts  of  distilled  water,  and,  after 
subsidence,  pouring  oflT  the  turbid  liquid,  which  was  then  passed 
through  platinum  gauze  to  separate  any  floating  matter. 
Determinations  of  nitric  nitrogen  by  Schloesing's  method,  and 
of  total  nitrogen  by  copper  oxide,  showed  that  the  25  c.c.  of  the 
garden-soil  extract  used  for  microbe-seeding  contained  little 
more  than  three-quarters  of  a  milligram,  and  the  25  c.c.  of  the 
lapm-sand  extract  little  more  than  a  quarter  of  a  milligram,  of 
iiitrogen — quantities  which  are  quite  immaterial  considered  as  a 
supply  of  combined  nitrogen. 

The  seeds  were  selected  for  sowing  and  for  analysis  by 
weighing  three  or  four  lots  of  a  hundred  each  to  ascertain  the  aver- 
age weight  per  seed,  and  then  a  number  of  single  seeds  weigh- 
^g  within  five  milligrams  of  the  mean  weight  were  taken. 

It  was  intended  to  commence  the  experiments  early  in  the 
summer ;  but  owing  to  the  pressure  of  other  work  the  necessary 
preparations  were  not  completed  until  early  in  August.  All  the 
seeds  were  sown  on  August  6,  three  accurately  weighed  seeds 
''eing  put  into  each  pot. 

PVom  the  first  the  peas  germinated  and  grew  well  in  each 
of  the  four  pots  ;  but  in  each  of  the  four  of  blue  lupins,  and  in 
®*ch  of  the  four  of  yellow  lupins,  one  or  more  seeds  failed,  and 
W  to  be  replaced ;  and  in  some  cases  these  also  failed.  It  is 
^mittedly  very  diflScult  to  secure  healthy  growth  with  lupins 
^^  pots.  One  essential  condition  seems  to  be  that  the  soil  must 
^  kept  open  and  porous ;  and  it  is  also  important  that  the 
^eral  matter  added  to  the  soil  should  be  quite  neutral. 

B 
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In  the  experiments  of  1888,  the  growth  was  not  satisfactory 
with  either  blue  or  yellow  lupins ;  but,  as  will  be  seen  farther 
on,  it  was  so  with  yellow  lupins  in  1889.  It  would,  therefore, 
be  a  waste  of  time  and  space  to  go  into  the  details,  either  of 
the  above-ground  growth,  the  root-development,  or  the  analyses, 
of  the  lupins  of  1888 ;  and  attention  will  be  confined  here  to 
the  results  obtained  with  peas  in  1888,  which,  it  will  be  seen, 
afibrd  very  important  indications. 

As  already  said,  the  peas  in  each  of  the  four  pots  germinated 
and  grew  well.  Those  in  the  garden-soil  were  throughout  the 
most  luxuriant.  Pots  2  and  3  were  each  seeded  with  25  c.c.  of 
the  garden-soil-extract  on  August  13 — that  is,  just  a  week  after 
the  sowing  of  the  seed. 

For  some  time  the  plants  in  pot  1,  in  the  sand  without  soil- 
extract,  showed  more  growth,  and  better  colour,  than  those  in 
either  pot  2  or  pot  3  with  the  soil-extract  seeding.  It  was,  in 
fact,  not  until  four  or  five  weeks  after  the  seeding  with  the  soil- 
extract  that  the  plants  in  pots  2  and  3  began  to  show  a 
darker  green  colour  than  those  in  pot  1  without  soil-extract. 
The  indication  was,  however,  then  so  striking  that,  on  Septem- 
ber 25,  it  was  decided  to  count  the  leaves,  and  to  estimate, 
approximately,  the  relative  area  of  leaf-surface  of  the  plants  in 
the  difterent  pots.  For  this  purpose  the  leaves  were  classified 
into  those  which  were  bright  green,  those  which  were  changing 
colour,  and  those  which  were  withered.  It  will  suffice  to  show 
the  number,  and  the  estimated  relative  area,  of  the  total  leaves 
in  each  case,  on  September  25,  when  the  first  counting  and 
estimates  were  made,  on  October  17,  on  November  14,  and  on 
December  14,  when  the  plants  were  cut.  The  following  table 
summarises  the  results. 

Table  III. — Peas,  1888.  Total  number  of  Leaves,  aiid  Estimated  relative 
Leaf  Surface,  those  of  the  Plants  in  Pot  1  (fvithout  Soil-extract  Seeding),  on 
September  25,  being  taken  as  100. 


Number  of  Leaves              > 

Estimated  relative  Leaf  Surface 

Potl 

rots 

Pot  3 

1 

rot  4 

1 

Potl 

Pot  2 

Pots 

Pot  4 

September  25    .    .    . 
October  17    ...    . 
November  U    .    .    . 
December  14     .    .    . 

144 
188 
244 
382 

140 
200 
300 
&40 

120 
184 
244 
390 

1 

164 
216 
280 

434 

1 
1 

100 
143 
170 
267 

67 
172 
249 
481 

58 
158 
245 
434 

128 
243 
3S8 
463 

Thus,  on  September  25,  after  the  plants  in  pots  2  and  3, 
with  the  soil-extract  seeding,  had  begun  to  show  a  darker  green 
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odour,  they  nevertheless  showed  both  a  less  number  of  leaves, 
and  considerably  less  leaf-surface,  than  the  plants  in  pot  1  with- 
out the  soil-extract.  A  possible  explanation  of  the  fact  that  the 
plants  with  the  soil-extract  seeding  remained  so  long  in  a  com- 
paratively backward  condition  may  be  that,  in  the  early  stages  of 
the  development  of  the  nodules  and  their  contents,  they  rely 
largely  for  their  nitrogenous  nutriment  on  the  compounds  of 
mtrogen  already  within  the  plant,  and  so  the  development  of  the 
higher  plant  itself  is  retarded.  The  figures  show,  however,  that 
fifwn  tins  date,  the  plants  in  pots  2  and  3,  with  the  soil-extract, 
gradually  gained  upon  those  in  pot  1  without  it,  both  in  number 
of  leaves  and  in  leaf-surface  ;  until,  when  the  plants  were  taken 
np  on  December  14,  those  in  pots  2  and  3  showed  540  and  390 
l4ve8>  against  only  382  on  those  in  pot  1  ;  and  481  and  434  of 
leaf-8urface,  against  only  267  in  pot  1.  There  is,  therefore,  clear 
evidence  of  increased  growth  under  the  influence  of  the  soil- 
eitract  seeding. 

In  all  the  pots  the  upper  portions  of  the  plants  obviously 
deyeloped  at  the  expense  of  the  lower,  the  leaves  of  which 
gradually  lost  colour  and  withered,  whilst  the  stems  and  leaves 
of  the  upper  portion  increased  in  growth ;  those  in  pots  2,  3,  and 
4,  continuing  to  vegetate  and  to  maintain  a  bright  green  colour 
to  the  last,  whilst  those  in  pot  1  showed  more  exhaustion,  and 
mamtained  much  less  colour.  Probably  owing  to  the  lateness  of 
the  season,  there  was  no  indication  of  flowering  in  any  of  the  pots. 

The  four  pots  of  plants  were  photographed  on  September  1, 
September  22,  October  6,  and  lastly  on  November  3,  about  five 
weeks  before  the  taking  up  of  the  plants. 

As  the  roots  had  to  be  preserved  without  any  loss  for  analysis, 
the  examination  of  them  had  to  be  very  carefully  conducted, 
and  was  necessarily  more  restricted  than  if  examination  had 
heen  the  only  object.  After  the  above-ground  growth  had  been 
cnt  off,  the  pots,  with  their  moist  soil  and  roots,  were  kept  in  a 
wann  dry  place  until  the  examination  commenced.  The  block 
of  soil  was  carefully  turned  out  on  to  glazed  cartridge-paper, 
^d  notes  were  at  once  taken  as  to  the  distribution  of  roots  so 
'y  as  it  was  then  apparent.  The  sand  or  soil  was  then  removed 
Httle  by  little  until  the  roots  were  left  nearly  bare.  Further 
^otes  were  then  taken,  after  which  the  remaining  sand  or  soil 
^as  removed  as  far  as  possible  by  washing  in  a  beaker  with  a 
Kttle  distilled  water.  The  roots  were  then  mounted  upon  paper, 
*^d  so  photographed,  and  finally  noted  upon. 

In  order  to  stimulate  and  assist  the  observation  of  others,  it 

^  be  well  to  give  some  description  of  the  development  of  the 

"^j  and  of  the  nodules  on  them,  of  the  various  experimental 

b2 
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plants,  for,  as  will  be  seen,  the  differences  in  these  respects  are 
very  great  with  different  descriptions  of  plant,  and  under  the 
different  conditions  of  growth. 

The  roots  of  the  peas  in  pot  1,  with  the  washed  and  dried,  but 
not  sterilised,  yellow  sand,  showed  a  densely  matted  mass  of  fibre, 
by  far  the  greater  portion  of  which  was  accumulated  within  the 
top  four  inches  ;  and,  notwithstanding  there  was  no  soil-eztract 
seeding,  there  were  many  nodules  on  the  roots,  but  fewer,  and 
generally  much  smaller,  than  on  those  grown  with  the  soil- 
extract  seeding.  They  were  also  less  characteristically  ac- 
cumulated near  the  surface,  and  more  distributed  along  the 
root  fibres.  There  were,  however,  some  agglomerations  of 
nodules.  Comparing  this  result  with  that  obtained  in  1889,  with 
a  purer  and  sterilised  sand,  in  which  case  there  were  no  nodules, 
there  can  be  little  doubt  that  the  development  of  nodules,  and 
the  fairly  luxuriant  growth  in  this  pot  without  soil-extract 
seeding,  are  to  be  attributed  to  the  impurity  and  non-steril- 
isation of  the  sand. 

The  roots  in  pot  2,  with  soil-extract  seeding,  also  showed  a 
dense  mass  of  fibre,  which,  however,  extended  from  the  top  to 
the  bottom  of  the  sand,  penetrated  the  layer  of  flints,  and 
distributed  over  the  bottom  of  the  pot.  The  roots  were,  in  fact, 
much  more  generally  distributed  and  less  accumulated  within 
the  surface  layers  than  in  pot  1.  The  most  developed  root  had 
three  large  agglomerated  nodules,  each  with  some  scores  of 
protuberances,  somewhat  as  on  a  raspberry  or  mulberry.  The 
other  plants  also  showed  similar  nodules,  but  of  a  smaller  size. 
There  were  also  a  number  of  small  clusters  distributed  over  the 
rootlets,  but  very  few  single  nodules,  differing  in  this  respect 
from  the  development  observed  in  pot  1. 

In  pot  3,  also  with  soil-extract  seeding,  each  of  the  three 
plants  developed  a  mass  of  root-fibre  extending  throughout  the 
sand,  but  less  near  the  bottom.  There  were  large  agglomerations 
of  nodules  on  the  roots  of  each  plant.  There  were,  besides, 
many  small  clusters,  and  here  and  there  single  nodules.  By 
far  the  most  of  the  nodules  were  within  the  top  three  inches  of 
the  sand,  but  one  considerable  bunch  was  found  as  low  as  four 
inches  from  the  surface.  As  in  the  other  cases,  the  nodules 
were  grey,  and  much  lighter  in  colour  than  the  roots  on  which 
they  grew. 

Each  of  the  three  plants  in  pot  4,  with  the  garden  soil,  had 
a  stouter  main  root  than  any  of  those  in  the  other  pots.  From 
the  side  branches  there  proceeded  a  large  amount  of  fine  root- 
fibres  which  extended  tlu'oughout  the  whole  soil,  those  firom  the 
different  plants  being  much  interwoven.  The  roots  extended 
round  the  sides  and  along  the  bottom  of  the  pot,  much  more 
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than  m  either  of  the  other  pots.  There  were  three  small  clusters 
of  nodules  on  the  roots  of  each  of  the  three  plants,  one  or  two 
small  bunches,  and  here  and  there  a  single  nodule.  But  the 
clusters  were  much  smaller,  the  total  number  of  nodules  was 
mncli  less,  and  they  were  more  generally  distributed  over  the 
roots  in  this  pot  with  rich  garden  soil  than  in  either  of  the 
others,  even  than  in  pot  1  without  soil-extract  seeding.  The 
root  development  was,  however,  as  the  description  shows,  much 
greater  than  in  either  of  the  other  pots.  There  was,  then,  a 
greater  development  of  root  and  root-fibre,  but  a  less  develop- 
ment of  root  nodules,  in  the  garden  soil,  which  itself  supplied  an 
abundance  of  combined  nitrogen,  as  well  as  other  nutriment. 

Upon  the  whole,  the  evidence  relating  to  the  peas  clearly 
shows  that  there  was  a  greatly  enhanced  development  of  nodules 
on  the  roots  under  the  influence  of  the  soil-extract  seeding, 
8^d,  coincidently  with  this,  considerably  increased  growth. 


The  nitrogen  was  determined  in  the  sand  and  in  the  garden 
Soil,  at  the  commencement  and  at  the  conclusion  of  the  experi- 
ments; also  in  the  seed,  in  the  above-ground  growth  (stems  and 
'eaves),  and  in  the  roots,  separately.     The  dry  matter  and  ash 
'^ere  also  determined,  in  the  seed,  and  in  the  produce  grown. 

It  is  of  interest  to  remark  (though  the  results  are  not  here 
graven)  that  the  above-ground  produce  of  the  plants  in  pot  1, 
^^th  the  most  restricted  growth,  and  which  from  their  pale 
^^olcur  indicated  nitrogen-exhaustion,  showed  a  lower  percentage 
^f  nitrogen  in  its  dry  substance  than  was  found  in  that  of  either 
^f  the  other  pots.  It  may  be  added  that  the  roots  in  pots  2  and 
^>  with  the  soil-extract,  and  with  so  much  greater  development  ot 
nodules  than  on  those  in  either  pots  1  or  4,  also  contained  a 
^considerably  higher  percentage  of  nitrogen  in  their  dry  substance. 
The  next  Table  (IV.)  shows  the  actual  quantities  of  dry 
R'U.'bstance  and  of  nitrogen  in  the  separated  and  in  the  total 
pixducts  of  growth. 

Table  IV.— Peas,  188S. 


Dry  substance 


In  stems 
I     and 
I  leayes 


I^ot  9*    ^'"'^  witbont  ■oil-extract 
l>i^  ^<'      n     with  loil-eztract   . 


I*ot 


^    Garden  soil 


t* 


grams. 
7  423 
9368 
9-411 

13*808 


In  roots 


In 
whole 
plant 


I 


grams. 
2-600 
2-409 
1-748 
2-846 


grams. 

10-023 

11-777 

11169 

15-664 


l^itrogen 


In  stem 

and 
leaves 


gram. 
0-2153 
0-4S91 
0-3770 
0-5806 


1 

In 

n  roots 

whole 

plant 

gram. 

gram. 

0-0669 

0-2823 

0-0770 

0-6361 

0-0687 

0-4367 

0-0794 

0-6600 
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It  is  Been  that  there  is  more  dry  substance  in  the  above- 
ground  growth,  but  less  remaining  in  the  roots,  in  pots  2  and  3 
with  the  soil-extract,  than  in  pot  1  without  it.  In  the  whole 
plant  there  is  about  10  grams  of  dry  substance  in  pot  1  with- 
out soil-extract,  against  about  11|  grams  in  pot  2,  and  more 
than  11  grams  in  pot  3,  each  with  soil-extract. 

The  point  of  chief  interest  is,  however,  that  there  was  in 
one  case  more  than  twice,  and  in  the  other  nearly  twice,  as 
much  nitrogen  in  the  above-ground  growth  in  pots  2  and  3 
with  the  soU-extract  seeding,  as  in  pot  1  without  it.  But  there 
was  much  less  difference  in  the  amounts  remaining  in  the  roots 
under  the  different  conditions.  Of  nitrogen  in  the  total  vege- 
table matter  grown,  there  is,  in  pot  2  nearly  twice,  and  in  pot  3 
more  than  1^  time,  as  much  as  in  pot  1  without  the  soil-extract. 
In  pot  4,  with  garden  soil,  and  with  therefore  full  supply  of 
already  combined  nitrogen,  there  was  more  dry  substance  pro- 
duced, and  more  nitrogen  assimilated,  than  under  the  influence 
of  the  soil-extract  seeding. 

The  significance  of  the  results  relating  to  the  nitrogen  is, 
however,  more  clearly  seen  in  the  next  Table  (V.),  which  shows 
the  amounts  in  the  soil  at  the  commencement  and  at  the  con- 
clusion of  the  experiment,  and  the  gain  or  loss ;  the  amounts  in 
the  seed,  in  the  total  products  of  growth,  and  the  gain;  the 
total  nitrogen  in  the  soil  and  seed  at  the  commencement,  in  thie 
soil  and  produce  at  the  conclusion,  and  the  gain.  The  Table 
also  shows,  in  the  last  column  but  one,  the  nitrogen  in  the  total 
products,  reckoning  the  total  initial  nitrogen  =1 ;  and  in  the 
last  column,  the  amount  in  the  plants,  reckoning  that  in  the 
seed  =1. 

I 

Table  V.— Peas,  1888. 


Nitrogen 


In  sand  or  soil 


At  com- 

menoe- 

ment 


Potl 
Pots 
Pots 
Pot  4 


0-0999 
0O999 
0<)999 
7*9989 


At  con- 
clasion 


grams. 
01096 
0H)974 
0-0848 
7-9989 


Gain 

(  +  )or 

loss  (— ) 


g^m. 
+0-0097 
-0*0026 
-0-0161 


In  seeds  and  produce 


In  seeds 
sown 


In  total 
plants 


gram. 
0-0293 
0-C298 
0^3291 
0-C301 


gram. 
0-2822 
0-6361 
0-4367 
0*6600 


Gain 


gram. 
0*2629 
0-6063 
0-4066 
0*6299 


Total 


At  com- 
mence- 
ment 


grams. 
0-1292 
0-1297 
01290 
8-0290 


At  con- 
clusion 


Gain 


gTi^ms. 
03918 
0*6336 
0-6206 
8-6689 


gram. 
0-2626 
0*6088 
0-8916 
0-6299 


In  total 

pro- 
ducts, 
total 
initial 
=1 


In 

planti, 

nitrogc 

in  seed 

b1 


8-08 
4-88 
4-04 
1-08 


9^S 
17-98 
14-97 
SI-9S 


% 


The  first  point  to  notice  is,  that  there  is  very  little  difierence 
in  the  amount  of  nitrogen  in  the  sand  or  soil  at  the  commence- 
ment and  at  the  conclusion  of  the  experiments.     There  would 
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donbtless,  be  some  fine  root-fibre  not  removed  at  the  conclusion, 
so  that  where  there  is  loss  it  is  to  be  supposed  that  some  of  the 
original  nitrogen  of  the  sand  has  contributed  to  the  growth.  In 
flie  case  of  the  garden-soil,  with  its  high  percentage  of  nitrogen, 
it  is,  of  course,  not  impossible  that  there  may  have  been  some 
loss  by  the  evolution  of  free  nitrogen. 

That  there  is  at  any  rate  no  material  gain  of  nitrogen  in  the 
sand  or  soil  would  seem  to  be  confirmatory  of  the  conclusion 
indicated  by  other  evidence,  that  the  fixation  is  not  effected  by 
tie  organisms  within  the  soil,  independently  of  the  symbiotic 
growth  of  the  nodules  and  their  contents,  and  of  the  higher 
plant  to  which  they  are  attached,  and  to  whose  nitrogenous 
supply  they  seem  to  contribute.  Indeed,  if  the  fixation  had 
taken  place  under  the  influence  of  microbes  within  the  soil, 
independently  of  connection  with  the  higher  plant,  we  should 
expect  some  accumulation  within  it,  or  we  should  have  to  con- 
clude that  the  plant  had  availed  itself  of  exactly  the  whole  of 
the  nitrogen  so  brought  into  combination — a  supposition  for 
which  there  would  seem  no  reasonable  justification. 

Turning  to  the  middle  division  of  the  Table,  which  shows 
the  nitrogen  in  the  seed  sown,  in  the  total  vegetable  matter 
grown,  and  the  gain,  and  disregarding  the  changes  in  the  soils, 
which  it  has  been  seen  may  well  be  done,  it  will  be  observed 
that,  in  the  case  of  pots  1,  2,  and  3,  with  sand,  the  gain  in  the 
plants  is  so  large  as  to  be  very  far  beyond  the  limit  of  any  possi- 
ble experimental  error.  This  certainly  cannot  be  said  of  some 
P^  the  experiments  which  have  been  conducted  on  other  lines 
^  regard  to  the  question  of  the  fixation  of  free  nitrogen. 

The  gain  of  nitrogen  in  these  initiative  experiments  is,  how- 
ever, much  less  than  in  many  of  those  of  Hellriegel  and  Wilfarth, 
^^d  also  much  less  than  in  subsequent  experiments  at  Rotham- 
^^.  This  is  not  to  be  wondered  at  when  the  late  period  of 
^he  season,  and  the  consequent  character  of  the  growth,  are 
*H>me  in  mind. 

To  refer  to  the  figures,  it  is  seen  that,  whilst  the  nitrogen 
^tipplied  in  the  seed  was  only  0*03  gram  or  less,  that  in  the 
piquets  of  growth  was  0-2822  gram  in  pot  1,  0*5361  in  pot  2, 
0-4357  in  pot  3,  and  06600  in  pot  4 ;  and  the  gains  were  more 
^an  ^  o{  &  gram  in  pot  1,  more  than  ^  a  gram  in  pot  2,  about 
s-ths  of  a  gram  in  pot  3,  and  more  than  fths  of  a  gram  in 
pot  4. 

The  third  division  of  the  Table  shows  the  total  nitrogen  at 
^ie  commencement  (in  soil  and  seed  together),  at  the  conclusion 
Oil  aoil  and  total  vegetable  matter  grown),  and  the  gains. 

But  the  significance  of  the  results  is  more  clearly  seen  in 
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the  last  two  colamns.  The  first  of  these  shows  the  relation  of 
the  amount  of  nitrogen  in  the  total  products  (soil  and  plants 
together)  to  the  total  initial  nitrogen  (soil  and  seed  together), 
taken  as  1.  Even  in  pot  1,  with  the  impure  and  not  sterilised 
sand,  but  without  soil-extract,  there  was,  so  reckoned,  more 
than  three  times  as  much  nitrogen  in  the  products  as  in  the 
soil  and  seed;  in  pot  2,  with  soil-extract  seeding,  there  was 
nearly  five  times  as  much  ;  and  in  pot  3,  also  with  soil-extract^ 
there  was  more  than  four  times  as  much.  In  the  case  of  pot  4, 
however,  with  garden  soil,  owing  to  the  large  amount  of  initial 
nitrogen  in  the  soil,  the  gain,  though  actually  large,  appears 
when  so  reckoned  but  small. 

It  is  in  the  last  column  of  the  Table,  in  which,  disregarding 
the  nitrogen  in  the  soils,  which  was  so  nearly  the  same  at  the 
beginning  and  at  the  end,  and  reckoning  the  relation  of  the 
nitrogen  in  the  total  products  of  growth  to  that  in  the  seed  taken 
as  1,  that  the  large  amount  of  fixation  is  clearly  brought  to 
view.  So  reckoned,  the  nitrogen  in  the  substance  grown  to 
that  in  the  seed  sown  was:  in  pot  1,  Q^-fold  ;  in  pot  2,  nearly 
18-fold;  in  pot  3  nearly  15-fold;  and  in  pot  4,  nearly  22- 
fold. 

Here,  then,  under  non-sterilised  conditions — in  fact,  with  suit' 
able  microbe-infection  of  the  soil — there  was  very  considerahle 
fixation  of  free  nitrogen. 

Tlie  Vegetation  Experiments  in  1889,  1890,  and  1891. 

Since  1888  more  extensive  series  of  experiments  have  been 
made,  on  substantially  the  same  lines  as  those  already  described. 
In  1889  peas,  vetches,  blue  lupins,  yellow  lupins,  red  clover, 
and  lucerne  were  sown  ;  and  in  1890  beans,  white  clover,  and 
sainfoin.  Excluding  the  blue  lupins,  which  failed,  it  will  be 
seen  that  the  series  included  experiments  with  four  annuals, 
namely,  peas,  vetches,  beans,  and  yellow  lupins ;  also  with  four 
plants  of  longer  life,  namely,  white  clover,  red  clover,  sainfoin, 
and  lucerne.  And,  as  will  be  seen  further  on,  experiments 
with  the  same  four  annuals,  and  the  same  four  plants  of  longer 
life,  were  commenced  in  1890,  of  which  some  are  still  in  pro- 
gross,  on  somewhat  difierent  lines  from  those  above  referred  to, 
with  a  view  to  the  investigation  of  some  points  of  importance, 
which  the  necessary  conditions  of  growth  and  subsequent  treat- 
ment  of  the  plants  in  the  glass-house  did  not  admit  of. 

Referring  to  the  experiments  in  the  glass-house,  it  may  be 
stated  that  for  the  lupins,  the  sainfoin,  and  the  lucerne,  specially^* 
made  pots  of  glazed  earthenware  were  employed.    They  were 
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about  six  inches  in  diameter,  and  fifteen  inches  deep  inside ; 
that  is,  about  twice  as  deep  as  those  used  in  1888,  and  again 
in  1889  and  1890,  for  the  peas,  vetches,  beans,  white  clover,  and 
red  clover.  These  larger  pots  had  holes  at  the  bottom  for 
drainage,  and  slits  at  the  sides,  near  the  bottom,  for  aeration. 
Each  of  the  pots,  large  or  small,  stood  in  a  specially -made  pan 
of  the  same  material.  A  quantity  of  broken,  washed,  and  this 
time  ignited,  flint  was  put  into  the  bottom  of  each  pot.  The  sand 
used  was  a  rather  coarse  white  quartz  sand,  from  which  the 
coarser  and  the  finer  portions  were  removed  by  sifting,  and  more 
of  the  finer  by  washing  and  decantation,  first  with  well,  and 
afterwards  with  distilled,  water.  In  defect  of  means  for  igniting 
80  large  a  quantity  of  material  (several  hundred  pounds  in  all), 
without  running  the  risk  of  gaining  more  impurity  than  was 
expelled,  the  portion  retained  for  use  was  kept,  in  successive 
lote,  ina  large  water-bath,  at  nearly  100°  C,  for  several  days, 
and  then  preserved  in  well-closed  bottles.  The  results  have 
rfiown  that  the  sand  so  prepared  was  sufiiciently,  if  not  abso- 
lutely, sterilised. 

In  all  the  experiments  commenced  subsequently  to  1888 
the  sand  was  mixed  with  only  01  per  cent,  of  the  plant  ash  and 
01  per  cent,  of  calcium  carbonate. 

There  were  four  pots  of  each  description  of  plant,  excepting 
111  the  case  of  the  white  clover,  of  which  there  were  five.  For 
the  peas,  vetches,  beans,  white  clover,  red  clover,  sainfoin,  and 
lucerne.  No.  1  was  with  the  prepared  quartz  sar\d,  without  soil- 
^tract;  Nos.  2  and  3  were  with  the  quartz  sand  and  garden  soil- 
^xtract  added ;  and  No.  4  was  with  the  garden  soil  itself ;  the 
fifth  pot  of  white  clover  receiving  calcium  nitrate  instead  of 
8oil-extract.  Of  the  lupins  (both  blue  and  yellow),  No.  1  was 
'rith  the  prepared  quartz  sand,  without  soil-extract ;  Nos.  2  and  3 
'herewith  lupin  soil-extract  added  ;  and  No.  4  was  with  the  lupin 
^dy  soil  itself,  to  which  0*01  per  cent,  of  the  plant  ash  was 
•dded. 

The  soil-extracts  were  added  the  day  before  the  sowing  of 
^e  seed ;  25  c.c.  in  the  case  of  the  plants  grown  in  the  smaller, 
^  50  c.c.  in  that  of  those  grown  in  the  larger,  pots. 

The  seeds  were  selected  and  weighed  as  in  1888. 

The  analytical  details  relating  to  the  experiments  com- 
^onced  in  1889,  and  subsequently,  are  not  yet  completed ;  nor 
'^ve  those  already  available  yet  been  arranged  and  published,  so 
^t  numerical  results  cannot  be  given  here.  The  following 
^otes  on  growth,  and  descriptions  of  the  plants  and  their  roots, 
*J^ther  with  a  general  statement  of  the  bearing  of  the  analytical 
^^  in  some  cases,  will,  however,  convey  a  clear  idea  of  the  im- 
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portance  and  of  the  significance  of  the  results  which  have  so  far 
been  obtained. 

The  peas  were  sown  on  July  10  (1 889)  two  seeds  being  put  into 
each  of  the  four  pots ;  and  the  plants  were  taken  up  on  October 
23  and  24.     Photographs  of  the  four  pots  of  plants  were  taken 
on  August  3,  August  20,  September  27,  and  lastly  on  October 
22 ;  that  is,  the  day  before  taking  up.    Unlike  the  result  obtained 
in  pot  1  in  1888  with  impure  and  non-sterilised  sand,  the  plants 
of  1889,   in   the   purer   and   sterilised   quartz    sand,   showed 
extremely  limited  growth.    Before  the  end  of  July,  those  in  both 
pots  2  and  3,  with  soil-extract  seeding,  began  to  show  enhanced 
growth  compared  with  that  in  pot  I,  without  the  soil-extract ; 
and,  eventually,  whilst  the  plants  in  pot  1  were  only  8:J^  and  8J 
inches  in  height,  those  in  pot  2,  with  soil-extract,  were  14  and 
50J  inches  ;  and  those  in  pot  3,  also  with  soil-extract,  were  40J 
and  39^  inches  high.     In  pot  4,  with  the  garden   soil,   the 
heights  of  the  plants  were  38^  and  41^  inches,  or  only  about 
the  same  as  in  pot  3  with  the  soil-extract  only.     But  the  planta 
in  pot  4  were  more  vigorous,  and  whilst  they  flowered  and  seeded, 
neither  of  those  in  either  pot  2  or  pot  3  did  so,  but  continued  to 
vegetate,  the  upper  parts  apparently  at  the  expense  of  the  lower. 
Then  as  to  the  root  development : — In  pot  1,  without  soil- 
extract,  and  with  extremely  limited  above-ground  growth,  it 
was  altogether  much  less  than  in  either  pot  2  or  pot  3  with 
soil-extract,  or  than  in  pot  4  with  garden  soil.     Again,  in  pot  1, 
without  soil-extract  seeding,  the  main   roots   descended   some 
distance  before  they  threw  out  any  considerable  amount  of  root- 
branches  and  root-fibre ;  whereas,  in  pots  2  and  3,  with  soil- 
extract,  there  was  characteristically  much  more  fibre  distributed 
both  in  the  upper  layers  and  throughout  the  pot. 

It  is  specially  to  be  noted  that,  whereas  in  pot  1  in  1888, 
with  impure  and  non-sterilised  sand,  there  was  some  development 
of  nodules,  now,  in  the  pure  and  sterilised  sand,  not  a  nodule  was 
observable. 

In  pot  2,  with  soil-extract  seeding,  one  plant  was  very  much 
larger  than  the  other,  and  developed  much  more  root.  The 
smaller  plant  had,  however,  several  nodules  on  the  main  root, 
near  the  surface  of  the  soil,  and  a  good  many  small  ones  distri- 
buted along  the  fibres.  Most  of  the  nodules  were  more  or  less 
shrivelled.  The  larger  plant  had  a  large  cluster  of  nodules  on 
the  main  root,  very  near  the  surface  ;  and  a  very  large  nnmber 
of  single  nodules,  mostly  small,  was  distribut^ed  on  the  root-fibres, 
quite  to  the  bottom  of  the  pot.  Upon  the  whole  those  on  the 
larger  plant  were  less  shrivelled. 
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In  pot  3,  also  with  soil-extract,  and  with  two  tall  plants,  the 
main  roots  extended  to,  and  along,  the  bottom  of  the  pot ; 
throwing  off  many  side  branches,  with  a  very  large  quantity  of 
fine  fibrous  root.  The  greatest  distribution  was,  however,  in  the 
npper  few  inches  of  the  sand.  There  were  two  clusters  of  nodules 
on  one  of  the  plants,  and  three  on  the  other,  besides  smaller 
boDches.  A  large  number  of  mostly  single  small  nodules  was 
also  distributed  along  the  roots.  On  one  of  the  plants  the 
largest  cluster  was  on  the  main  root,  and  on  the  other  the 
clusters  were  on  the  side  branches. 

In  pot  4,  with  the  garden  soil,  and  not  higher  plants,  but 
more  vigorous  and  more  matured  growth  than  with  sand  and 
soil-extract  only,  there  was  a  dense  mass  of  root-fibre  throughout 
the  first  six  inches  of  depth.  There  were  numerous  nodules,  the 
majority  single  and  within  the  upper  two  or  three  inches  of  soil. 
There  were  also  a  few  small  bunches. 

Thus,  then,  the  limited  growth  in  pot  1,  with  sand  without 
soil-extract,  was  coincident  with  the  entire  absence  of  nodule- 
formation  ;  and  the  increased  growth  in  pots  2  and  3,  with  soil- 
extract,  was  coincident  with  a  very  great  development  of  nodules. 
In  pot  4,  with  garden  soil,  itself  supplying  abundance  of  com- 
bined nitrogen,  there  was  also  a  considerable  development  of 
nodules,  but  distinctly  less  than  in  either  pot  2  or  pot  3,  with 
sand  and  soil-extract  only. 

LoMy^  without  soilr-extractj  and  without  nodules^  there  was  no 
^i%  of  nitrogen;  but^vnth  soil-extract^  arid  with  nodide-formation^ 
^e  was  much  gain  of  nitrogen ;  there  being  many  times  as  much 
*w  i}ie  products  of  growth  as  in  the  seed  sown. 

The  vetches  were  sown  on  July  10  (1889)  two  seeds  being  put 
into  each  pot ;  and  the  plants  were  taken  up  on  October  26.  The 
fonr  pots  of  plants  were  photographed  on  August  3,  August  20, 
September  27,  and  lastly  on  October  25,  the  day  before  being 
taken  up. 

As  with  the  peas,  the  plants  in  pots  2  and  3  with  sand  and  soil- 
extract  had,  before  the  end  of  July,  shown  more  growth  than  those 
in  pot  1  without  it.  Again,  as  with  the  peas,  the  vetches  in  the 
pure  and  sterilised  sand  showed  extremely  limited  growth.  On 
*te  other  hand,  those  in  pots  2  and  3,  with  the  soil-extract,  grew 
^  a  great  height — indeed,  higher  than  those  in  pot  4  with  the 
P^en  soil.  The  heights  of  the  plants  were :  in  pot  1,  without 
yil-extract,  11;^^  and  lOJ  inches;  in  pot  2,  with  soil-extract, 
?H  Mid  67  jpches ;  in  pot  3,  also  with  soil-extract,  62^  and  51 
^ches ;  but  in  pot  4,  with  garden  soil,  only  53  and  36  inches. 
But,  as  in  the  case  of  the  peas,  whilst  the  plants  in  pot  4,  with 
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the  garden  soil,  flowered  and  seeded,  those  in  pots  2  and  3,  with 
sand  and  the  soil-extract  only,  did  not,  but  continued  to  vegetate, 
extending  upwards,  the  higher  and  newer  portions  apparently 
at  the  expense  of  the  lower  and  older  parts  of  the  plant. 

In  pot  1,  with  sand  without  soil-extract,  and  with  very  limited 
above-ground  growth,  there  was  much  less  development  of  root 
than  in  either  pot  2  or  pot  3  with  soil-extract,  or  than  in  pot  4 
with  the  garden  soil.  The  main  roots  descended  to  the  bottom  of 
the  pot,  and  threw  out  a  number  of  side  branches,  but  there  was 
a  marked  deficiency  of  root-fibre ;  and  not  a  single  nodule  was 
formed. 

In  pot  2,  with  soil-extract  seeding,  and  very  extended  above- 
ground  growth,  there  was  a  dense  mass  of  root  and  root-fibre, 
which  distributed  throughout  the  pot,  though  the  greatest 
accumulation  was  within  the  first  three  inches  of  depth.  There 
were  numerous  nodules,  but  considerably  less  in  quantity  than 
on  the  corresponding  pea  roots.  They  were  mostly  single,  and 
the  greater  number  were  found  in  the  lower  layers,  whi^i^h  is  also 
contrary  to  the  result  with  the  peas.  They  were,  moreover, 
generally  exceedingly  small. 

In  pot  3,  also  with  soil-extract,  and  with  very  extended 
above-ground  growth,  there  was  also  an  immense  development 
of  root  and  root-fibre,  through  the  whole  area  of  the  sand  ;  the 
greatest  accumulation  being  in  the  upper  and  lower  portions  of 
tiie  pot,  with  less  in  the  middle.  There  were  again  many 
nodules,  but  very  small,  and  probably  fewer  than  on  the  rooto 
in  pot  2.  All  the  nodules  were  single,  and  fairly  distributed 
over  the  whole  root  area. 

In  pot  4,  with  garden  soil,  and,  as  with  the  peas,  less  extended 
but  more  vigorous  and  more  matured  growth  than  in  sand  with 
soil-extract  only,  there  was  a  moderate  amount  of  root  and  of 
root-fibre,  chiefly  within  the  upper  six  inches  of  depth ;  bat 
there  was  altogether  very  much  less  of  root  development  than  in 
either  pot  2  or  pot  3,  with  the  sand  and  soil-extract.  There  were 
many  nodules,  but  all  single  and  very  small ;  and  they  appeared 
to  be  flattened,  as  if  exhausted  of  their  contents. 

Here,  then,  with  the  vetches,  as  with  the  peas,  the  very  re- 
stricted above-ground  growth  in  pot  1,  without  soil-extract 
seeding,  was  associated  with  very  limited  root  development,  and 
with  the  entire  absence  of  nodule-formation.  On  the  other 
hand,  the  greatly  extended  vegetative  growth  in  pots  2  and  8, 
with  soil-extract,  was  associated  with  an  immense  development 
of  root  and  root-fibre,  and  with  the  formation  of  numerous 
nodules.  Again,  in  the  garden  soil,  with  its  liberal  supply  of 
combined  nitrogen,  there  was  much  less  development  of  lootBi 
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ind  less  also  of  nodules,  than  in  the  pots  with  sand  and  soil- 
extract  only. 

Lastb/j  wWumt  soil-extract  seeding^  and  with  no  nodules^  tJiere 
ms  no  gain  of  nitrogen ;  whilst^  with  soilnextracty  and  with 
nvmerous  7U>dules,  there  was  considerable  gain  of  nitrogen ;  there 
iemj,  with  much  less  nitrogen  in  tlie  seed,  aiid  about  the  same 
mount  in  the  products,  as  in  the  corresponding  experiments  with 
featf  very  many  times  as  much  nitrogen  in  the  vegetable  metier 
frodttced  as  in  the  seed  sown. 

As  already  said,  the  experiments  with  blae  lupins  failed. 
Those  with  yellow  lupins,  however,  gave  very  striking  results. 

As  in  the  case  of  the  other  plants  grown  in  1889,  the  yellow 
lupin  seeds  were  sown  on  July  10,  three  being  put  into  each 
pot.  There  were  some  re-sowings,  some  seeds  taken  out,  and 
eventually  two  plants  were  left  in  each  pot.  By  the  end  of 
Jaly  the  plants  in  pots  2  and  3,  with  the  lupin  soil-extract 
Bwdmg,  already  showed  more  growth  than  those  in  pot  1  with* 
out  it.  Photographs  of  the  plants  were  taken  on  August  3, 
August  20,  September  27,  October  28,  and  November  29 ;  and 
the  plants  were  taken  up  on  December  7. 

The  plants  in  pot  1,  with  sand  without  soil-extract  seeding, 
scarcely  appeared  above  the  rim  of  the  pot,  one  being  only  about 
H,  and  the  other  only  2 J  inches  high.  In  pot  2,  with  lupin 
soil-extract  seeding,  one  plant  was  about  2i,  and  the  other  18^ 
iuches  high;  both  spreading  much  beyond  the  width  of  the 
pot.  In  pot  3,  also  with  lupin  soil-extract  seeding,  one  plant 
vas  more  than  24,  but  the  other  little  more  than  8  inches  high. 
In  &ct,  in  both  the  pots,  with  quartz  sand,  ash,  &c.,  and  soil- 
extract  seeding  only,  the  plants  developed  considerably  more 
4an  those  in  pot  4,  with  the  lupin-soil  itself;  one  of  these 
heing  only  about  16  inches,  and  the  other  about  18 J  inches 
^[li,  and  both  less  branching  than  those  in  pots  2  and  3. 

Unlike  the  peas  and  vetches,  the  yellow  lupins  with  soil- 
extract  seeding  only,  flowered  and  podded  freely.  Thus,  in  pot  2, 
one  plant  flowered  only,  but  the  other  had  nine  small  pods ; 
*nd  m  pot  3,  one  had  four  large  and  three  small  pods,  and  the 
^er  a  flower  forming.  There  were  also  in  pot  4,  with  lupin- 
■oil,  on  one  plant  five  pods,  and  on  the  other,  six.  The 
S^neral  result  was  that,  in  the  quartz  sand  with  lupin  soil- 
extract  seeding,  the  plants  not  only  produced  a  great  deal  more 
vegetable  matter  than  those  in  the  lupin  sand  itself,  but  they  as 
^reely  flowered  and  seeded. 

In  pot  1,  without  soil-extract,  and  very  restricted  above- 
Pound  growth,  there  was  coincidently  very  little  root  develop- 
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ment ;  the  main  roots  descended  far  down  the  deep  pot  almost 
without  branching,  but,  at  the  bottom,  a  number  of  branches  and 
a  mass  of  root-fibre  were  produced ;  the  root-fibres  were  fleshy 
and  succulent.     No  root-swellings  or  nodules  were  found. 

In  pot  2,  with  the  lupin  soil-extract  seeding,  and  luxuriant 
and  maturing  above-ground  growth,  there  was,  on  the  other 
hand,  a  very  great  development  of  root.  Branches  were  thrown 
out  throughout  the  whole  length ;  and  at  their  ends  masses  of 
fleshy  fibres  were  formed,  which  were  thickly  coated  with  root- 
hairs.  On  the  main  root  of  one  plant,  about  three  inches  down, 
there  was  a  large  swelling  or  nodule  the  size  of  a  field  bean  ; 
four  inches  lower  there  were  three  smaller  ones  on  a  side  branch ; 
ten  inches  down,  there  were  three  as  large  as  peas ;  and  lower 
still,  there  was  another  small  swelling,  more  like  the  nodules 
found  on  other  plants.  The  other  plant  had  less  root  growth. 
One  and  a  half  inch  down  there  was  a  swelling  the  size  of  a  small 
pea ;  and  between  four  and  five  inches  lower  there  were  three 
swellings,  one  as  large  as  a  bean,  and  the  others  about  the  size 
of  a  vetch  seed.  These  swellings  on  the  lupin  roots,  which  were 
all  on  the  main  roots  or  thicker  branches,  were  very  difierent  in 
appearance  from  the  nodules  on  the  pea  and  vetch  roots.  They 
were,  as  described,  swellings,  encasing  the  root  where  they  grew. 

In  pot  3,  also  with  lupin  soil- extract  seeding,  the  plant 
which  showed  both  great  above-ground  luxuriance  and  great 
seed-forming  tendency,  developed  an  immense  amount  of  branch- 
ing root,  with  a  great  deal  of  root-fibre,  which  extended  through- 
out the  sand,  but  to  a  greater  degree  in  the  lower  than  in  the 
upper  half  of  the  pot.  The  main  root  was  woody  near  the  top. 
The  lower  root-fibres  were  fleshy  and  thickly  coated  with  root- 
hairs.  There  were  several  swellings  or  nodules  on  the  main 
root  below  5  inches ;  and  lower  down  on  a  root  branch  there 
were  several  swellings ;  there  being  in  all  twelve  on  this  plant. 
The  roots  of  the  less  luxuriant  and  less  matured  plant  were 
smaller  and  more  meagrely  developed ;  about  10  inches  down 
there  were  two  bunches  of  small  nodules,  and  three  single 
nodules;  and  a  little  lower  on  a  side  branch  another  small 
nodule. 

With  regard  to  the  great  developmeut  of  the  root-hairs  on 
the  fine  fibrils  of  the  roots  in  both  pots  2  and  3,  with  quartz 
sand  and  lupin  soil-extract  seeding,  it  may  be  supposed  that  this 
was  an  effort  to  acquire  mineral  nutriment,  in  quantity  commensu- 
rate with  the  large  amount  of  nitrogen  fixed,  and  of  nitrogenous 
nutriment  so  rendered  available  to  the  plant. 

In  pot  4,  with  the  lupin-soil  itself,  and  less  luxuriant  above- 
ground  growth,  the  distribution  of  root  was  also  very  different 


Tke  Sources  of  the  Nitrogen  of  our  Leguminous  Crops.         81 

from  that  in  pots  2  and  3  with  the  soil-extract  only.  The  main 
root,  at  a  depth  of  2  inches,  threw  out  many  thread-like  branches, 
at  the  end  of  each  of  which  there  was  a  bundle  of  fine  fibre. 
The  lower  fibres  became  thicker,  and  were  white  and  fleshy ;  but 
they  were  without  the  marked  development  of  root-hairs  ob- 
served in  such  abundance  in  pots  2  and  3.  Most  of  the  root 
was  within  6  inches  of  the  surface,  and  there  seemed  to  be  none 
below  14  inches.  One  or  two  inches  from  the  surface  there  were 
swellings  on  the  main  roots,  which  were  less  raised,  but  more 
spreading,  than  those  on  the  roots  in  pots  2  and  3.  There  were 
tiao^  on  one  side  branch,  six  very  small  nodules. 

To  sum  up  in  regard  to  the  yellow  lupins :  in  the  sterilised 
quartz  sand,  without  soil-extract  seeding,  the  growth  was  ex- 
b^mely  limited,  both  above  and  under  ground.  Under  the  in- 
fiuence  of  the  lupin  soil-extract  seeding,  the  above-ground  growth 
was  not  only  very  luxuriant,  but  the  plants  developed  considerable 
maturing  tendency,  flowering  and  seeding  freely.  The  develop- 
ment of  the  roots  generally,  and  that  of  swellings  or  nodules  on 
them,  were  also  very  marked.  In  pot  4,  with  the  lupin-sand 
itself,  which  would  supply  a  not  immaterial  amount  of  combined 
nitrogen,  although  the  growth  was  fairly  normal,  it  was,  both 
above  ground  and  within  the  soil,  much  less  than  in  the  pots 
with  soil-extract  only  ;  and  the  development  of  nodules  was  also 
less.  It  is  probable  that  the  less  growth  in  the  lupin-sand  itself, 
than  in  the  quartz  sand  with  soil-extract,  was  largely  due  to  the 
much  less  porosity  of  the  lupin  soil,  especially  when  watered. 

Again^  as  with  the  pecis  and  the  vetches,  so  xcith  the  lupiiis^ 
^iihout  soil-extract  seeding^  there  ivas  very  limited  growth,  no 
fcrmoMon  of  nodules,  and  no  gain  of  iiitrogen ;  hut,  with  soil- 
^ract  seeding,  there  was  luxuriant  growth,  abundant  Tiodule- 
fi^rmation,  and,  coinddently,  great  gain  of  nitrogen.  There  vas, 
wi  fact,  very  many  tim^s  as  much  nitrogen  in  the  products  of 
T'^owth  as  in  the  seed  sown. 

The  foregoing  results  with  peas,  vetches,  and  yellow  lupins, 
We  very  definite  and  very  striking.  They  are  abundantly  illus- 
^tive  of  the  fact  that  under  the  influence  of  suitable  microbe- 
*^ng  of  the  soil,  there  is  nodule-fomiation  on  the  roots,  and, 
^incidently,  increased  growth,  and  gain  of  nitrogen  beyond 
*nat  supplied  in  the  soil  and  in  the  seed  as  combined  nitrogen, 
presumably  due  to  the  fixation,  in  some  way,  of  free  nitrogen.^ 

.  '  MM.  Schloesing  fils  and  Laurent  have  sliown,  by  growing  Leguminosm 
^closed  vessels,  and  by  the  analysis  of  the  air  before  and  after  growth,  that 
^  nitrogen  disappeared,  in  quantity  closely  corresponding  to  that  gained  in 
Ki[owth ;  thus  establishing  the  fact  that  the  source  of  the  gain  was  free  nitrogen 
(^i^.  Rend.  cxi.  760). 
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As  already  said,  experiments  were  also  made  with  a  fotuth 
annual,  namely  beans ;  and  with  four  plants  of  longer  life — 
white  clover,  red  clover,  sainfoin,  and  lucerne.  With  some  of 
these  the  growth  was  not  so  satisfactory  as  with  the  peas,  the 
vetches,  and  the  yellow  lupins;  partly  owing  to  failure  to 
ensure  suitable  infection  of  the  roots.  But,  with  both  clovers 
there  will  doubtless  be  considerable  gain,  especially  with  the 
white  clover,  which,  however,  is  still  growing. 

In  reference  to  the  failure  of  growth  in  the  cases  where  it 
was  apparently  due  to  failure  to  obtain  suitable  microbe 
infection,  it  has  already  been  said,  that  Hellriegel  at  first 
found  great  difficulty  in  ensuring  a  good  result  with  lupins, 
serradella,  and  some  other  plants,  among  which  was  red  clover ; 
and  the  failure  to  obtain  good  results  at  Bothamsted  with  both 
blue  and  yellow  lupins  in  1888,  and  with  blue  lupins  in  1889, 
was  doubtless  partly  due  to  the  same  cause. 

As  bearing  upon  this  curious  and  interesting  point,  it  will 
be  well  briefly  to  refer  here  to  the  experiments  and  results  of 
Professor  Nobbe  on  this  subject.^  He  undertook  an  investigation, 
in  the  first  place  to  determine  whether  leguminous  trees,  as  well 
as  our  agricultural  leguminous  plants,  were  susceptible  to 
microbe  infection  and  nodule-formation ;  and  secondly  to  ascer- 
tain whether  there  is  one  nodule-forming  bacterium,  or  whether 
many  bacteria  have  the  property — each  description  of  plant,  or 
perhaps  each  group,  having  its  special  bacterium. 

The  plants  he  experimented  upon  were  peas,  yellow  lupins, 
and  beans ;  also,  as  trees,  Bobinia  pstudac<icia  (locust  tree), 
Cytisus  laburmim  (laburnum),  and  Gleditschia  triacantha  (honey 
locust).  To  each  of  these  he  applied  microbe-seeding  from 
various  sources ;  in  some  cases  only  soil-extracts,  and  in 
others  pure  cultivations,  either  from  soil-extracts,  or  from  the 
root-nodules  of  different  plants.  When  soil-extracts  only  were 
used  the  results  were  somewhat  irregular.  For  example,  with 
peas,  a  better  result  was  obtained  by  the  use  of  Oleditschia, 
Rohinia^  or  Cytisus^  soil-extract,  than  of  pea  soil-extract.  With 
Eobinia,  on  the  other  hand,  the  best  result  was  obtained  with 
Rohinia  soil-extract.  But  when  pure  cultivations  were  employed, 
the  general  result  was  that  more  efiect  was  produced  on  any 
particular  description  of  plant  by  the  bacteria  obtained  fi'om  the 
same  description,  than  by  those  derived  fi*om  other  descriptions. 
Thus,  with  peas,  there  was  more  produce,  and  more  nitrogen 
assimilated,  by  the  application  of  pure  cultivations  of  pea  nodule 
and  pea  soil  bacteria,  than  by  that  of  lupin  nodule,  lupin  soil, 

"^ ■ ■    M  ^    _  " ^ 

*   Versuche  iiber  die  Stick/toff- Assimilation  der  Leguminosen,   F.  Kobbe, 
E.  Schmid,  L.  Hiltner,  E.  Hotter.    Versuchs-Stationen,  xxziz.  327. 
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Bobinia  nodule,  or  Eohinia  soil,  bacteria.  On  the  other  hand, 
the  Bobinia  nodule  bacteria,  which  showed  no  action  with  peas, 
had  marked  effects  on  Rohinia,  Still,  this  did  not  apply  in  all 
cases,  there  being  sometimes  more  produce,  and  more  nitrogen 
gabed,  under  the  influence  of  the  microbe  infection  from 
another  than  from  the  same  description  of  plant.  In  some 
cases  infection  had  more  effect  than  manuriug  with  ammonium- 
salts  or  nitrate.  Nobbe  concludes,  however,  that  the  results  can 
leave  no  doubt  that  the  pea  and  the  Bobinia  bacteria  have  dif- 
ferent physiological  actions,  which  indicate,  if  not  different 
species  or  varieties,  at  any  rate  different  race  or  nutrition  modi- 
fications. 

Beyerinck  also  concludes  that  the  various  papilionaceous 
bacteria  differ  more  than  he  had  formerly  supposed.  Thus,  he 
found  that  Vicia  Faba,  infected  with  the  bacteria  from  Omiihoims, 
produced  no  nodules ;  and  he  considers  that  the  difference 
between  the  bacteria  of  beans  and  serradella  accounts  for  the 
&ct  that  serradella  had  no  nodules  when  growing  in  a  garden  be- 
tween beans  which  had  numerous  nodules. 

Of  the  three  descriptions  of  leguminous  trees  upon  which 
Nobbe  experimented,  the  Bobinia  and  the  Cytisus^  which  are 
both  of  the  papilionaceous  sub-division  of  the  leguminous  family, 
were  susceptible  to  microbe  infection,  and  nodule- formation  on 
their  roots,  and  showed  coincidently  gain  of  nitrogen  ;  but  the 
Gkditschia,  which  is  not  papilionaceous,  but  of  the  sub-order 
Ccesalpiniecey  was  quite  indifferent  to  such  infection,  although 
both  soil-extracts  and  pure  cultivations  from  various  sources 
were  tried.  On  the  other  hand,  it  was  found  that  the  application 
of  calcium  nitrate  and  ammonium  sulphate  gave  considerably 
uicreased  growth.  Nobbe  observes  that  the  roots  of  Glediischia 
We  a  very  thick  covering  which  it^ould  be  at  any  rate 
^fficnlt  for  the  bacteria  to  penetrate ;  but  whether  the  members 
of  this  group  generally  behave  differently  from  the  Papilionacece 
^  this  respect  remains  for  future  investigation  to  determine. 
It  is  at  any  rate  of  interest  to  note,  that  the  only  leguminous 
plant  outside  the  papilionaceous  sub-order  which  has  yet  been 
experimented  upon  has  not  been  found  susceptible  to  infection, 
or  to  have  nodules  on  its  roots. 

Difference  in  the  External  Character  of  Leguminous 

RoOT-NODULES. 

The  conclusion  drawn  from  the  experiments  of  Nobbe  above 
cited— that  there  are  various  nodule-forming  bacteria — is  at 
^7  rate  consistent  with  the  descriptions  which  have  been  given 

C 
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of  the  plants  grown  at  Rothamsted  in  1889,  which  have  Bhon 
that  the  external  appearance,  and  the  distribution,  of  the  itx 
nodules  were  very  difierent  in  the  case  of  the  peas,  the  vetchi 
and  the  lupins.  In  that  of  the  peas  there  were  many  of  wh 
may  be  called  agglomerations  of  nodules,  and  comparatively  ft 
single  ones  distributed  on  the  root-fibres.  On  the  roots  of  t 
vetches  there  were  comparatively  few  agglomerations  or  bunch< 
and  more  single  nodules,  pretty  widely  distributed  along  t 
root-fibres.  The  lupin  roots,  on  the  other  hand,  showed  tube 
cular  developments  very  different  from  those  on  either  the  p 
or  the  vetch  roots.  Indeed,  at  the  period  of  examination — \k 
is,  when  the  plants  were  nearly  ripe — two  apparently  distir 
kinds  were  observed,  one  of  which,  the  most  prevalent,  has  be 
spoken  of  as  "  swellings,"  and  the  other  as  "  nodules."  T 
"  swellings "  were  chiefly  on  the  main  roots  or  the  thick 
branches  ;  where  they  grew  they  encased  the  root  entirely,  a 
they  had  a  shining  and  presumably  impervious  skin.  T 
"  nodules,"  on  the  other  hand,  were  chiefly  single,  small,  a 
distributed  on  the  root-fibres. 

Assuming  that  the  so-called  ^*  swellings  "  (with  their  co 
tents)  on  the  roots  of  the  lupins  were  the  bodies  which  h 
exercised  the  functions  of  the  *'  nodules  "  found  on  the  roots 
the  other  plants,  it  is  to  be  concluded  that,  after  the  very  lux 
riant  growth,  and  the  flowering  and  seeding,  their  function  w 
so  far  at  an  end,  and  they  had  become  suberised.  The  otl 
bodies  on  the  lupin  roots,  distinguished  in  the  detailed  descri 
tion  as  *'  nodules,"  indicated  too  meagre  development  to  ha 
had  much  share  in  the  great  amount  of  assimilation  that  h 
been  accomplished.  On  the  other  hand,  the  **  swellings,"  whic 
as  has  been  said,  were  all  on  the  main  roots  or  thicker  brancht 
were  certainly  very  characteristic  of  the  roots  of  the  lupin  plar 
which  attained  the  greatest  growth ;  and,  assuming  that  the 
with  their  contents,  were  really  the  effective  bodies,  it  must 
supposed  that  they  had  been  formed  where  they  were  foui 
whilst  the  root  was  still  young,  and  had  grown  with  its  growl 
In  favour  of  this  supposition  is  the  fact  that  the  increas 
growth  from  the  soil-extract  seeding  commenced  quite  early 
the  life  of  the  plants. 

The  nodules  on  the  roots  of  lucerne  growing  in  the  fie 
were  observed  at  different  periods  of  the  season  in  1887,  a] 
again  quite  recently  on  plants  taken  from  the  field  for  tl 
purpose.  They  are  quite  different  in  general  external  charact 
from  those  on  any  of  the  other  plants  that  have  been  examin 
at  Rothamsted.  Instead  of  being  more  or  less  rounded,  th< 
have  more  the   appearance  of  shoots   or   buds,   much  long 
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than  broad,  sometimes  single,  but  more  often  divided  or 
branched,  there  being  generally  two  or  three,  and  sometimes  as 
many  as  twenty,  or  even  many  more,  in  a  bunch,  joined  at  the 
base.  They  have,  so  far,  not  been  observed  on  the  main  root, 
but  only  on  the  root-fibres,  and  less  near  the  surface  than 
within  the  range  of  the  subsoil.  In  some  cases  such  a  tuft  or 
bunch  will  be  at  the  end  of  a  fine  fibre,  by  which  it  is  connected 
with  the  main  root.  As  the  season  advances  these  bodies  become 
shrivelled,  and  are  in  fact  empty  shells. 

Among  the  Leguminosce  growing  in  the  mixed  herbage  of 
grassland,  in  1868  nodules  were  observed  on  the  root-fibres  of 
Laihyrus  pratensis,  especially  near  the  surface  of  the  soil ;  on 
the  dtimate  root-fibres  of  TrifoUum  pratense ;  and  on  the  smaller 
rootlets  of  TrifoUum  repens. 

In  the  case  of  red  clover  growing  in  rotation  on  arable  land, 
an  abundance  of  nodules  has  been  found,  both  near  the  surface 
and  at  a  considerable  depth.  They  are  generally  more  or  less 
globular  or  oval.  Some  found  on  the  main  roots  were  more 
like  *'  swellings  "  than  attached  tubercles,  not,  however,  encasing 
the  root,  but  only  on  one  side.  The  greater  number  are,  how- 
ever, small  and  distributed  chiefly  on  the  root-fibres.  Again, 
on  the  plot  of  rich  gardea  soil  on  which  red  clover  has  now  been 
grown  at  Rothamsted  for  thirty-eight  years  in  succession,  veiy 
numerous  nodules,  chiefly  globular  and  small,  have  been  found 
on  the  roots — ^for  the  most  part  within  the  first  few  inches  of 
soil,  but  some  to  the  depth  of  a  foot  or  more,  diminishing,  how- 
ever, very  much  both  in  number  and  in  size  as  the  clayey  subsoil 
^as  reached. 

Obviously  much  more  evidence  than  the  foregoing  few 
observations  can  supply  is  needed  in  regard  to  any  difierence 
in  character,  or  relative  prevalence,  at  difierent  periods  in  the 
life  and  growth  of  the  plant,  and  under  different  conditions  of 
soil,  both  so  far  as  mechanical  state  and  porosity,  and  richness 
or  otherwise  in  available  supplies  of  combined  nitrogen  are  con- 
^med,  before  any  clear  conception  can  be  attained  of  the 
connection  between  nodule-formation,  luxuriance  of  growth,  and 
^in  of  nitrogen.  The  subject  in  various  aspects  is  being 
^her  investigated  at  Rothamsted,  and  some  of  the  results  so 
f^r  obtained  will  be  briefly  referred  to  farther  on. 

How  IS  THE  Fixation  of  Nitrogen  to  be  Explained  ? 

Reviewing  the  whole  of  the  results  which  have  been  brought 
forward,  there  can  be  no  doubt  that  the  fact  of  the  fixation  of 
free  nitrogen  in  the  growth  of  Leguminosce  under  the  influence 

c  1 
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of  suitable  microbe  infection  of  the  soil,  and  of  the  resulting 
nodule-formation  on  the  roots,  may  be  considered  as  fully 
established. 

Admitting,  then,  the  fact  of  fixation  under  the  conditions 
described,  the  question  still  remains :  How  is  it  to  be  explained  ? 
Unfortunately,  there  is  much  yet  to  learn  before  a  satisfactoiy 
answer  can  be  given.  Obviously  we  must  know  more  of  the 
nature  and  mode  of  life  of  the  organisms  which,  in  symbiosis 
with  the  leguminous  plant,  bring  about  the  fixation  of  free 
nitrogen,  before  the  nature  of  the  action  can  be  understood. 
As  to  the  mode  of  life  of  these  bodies,  we  owe  much  to  the 
investigations  of  Marshall  Ward,  Prazmowski,  Beyerinck,  and 
others ;  but  the  facts  which  they  have  established  so  far  are  in- 
suflScient  to  afibrd  an  adequate  explanation  of  the  phenomena 
involved. 

It  is  a  point  of  importance  that  it  should  be  established,  as 
it  appears  to  bo,  that  in  the  development  of  the  parasite  the 
cortex  of  the  root  of  the  host  is  penetrated,  and  so  an  intimate 
connection  between  the  two — indeed,  a  symbiosis — is  set  up. 
Then  there  is  abundant  evidence  that  the  nodules  are  very  rich 
in  nitrogen.  Indeed,  in  certain  stages  of  their  development,  their 
dry  substance  may  contain  a  much  higher  percentage  of  nitrogeu 
than  that  of  any  part  of  the  growing  plant  itself;  and,  in  some 
cases  at  any  rate,  even  higher  than  in  that  of  the  highly  nitro- 
genous leguminous  seed. 

Whence   comes  this  nitrogen?     Tlie  views  of  those    wh 
have  studied  the  histology  and  biology  of  the  subject,  withou 
reference  to  quantitative  chemical  data,  do  not  seem  to  be  ve 
clear  or  definite  on  the  point.     Thus,  it  has  been  assumed  tha 
the  bacteria  acquire  their  nutriment,  including  their  nitroge 
from  the  protoplasmic  cell-contents  of  the  higher  plant ;  an 
that,  on  the  other  hand,  the  contents  of  the  bacteroid  cells 
resorbed.     In  other  words,  the  plant  utilises  the  substance 
the  bacteroids.    It  is  obvious,  however,  that,  so  far  as  the  nitroge  -s?^ 
of  the  bacteria  is  derived  from  the  plant  itself,  the  latter  is  not 
gainer  in  a  quantitative  sense  by  its  resorption. 

It  has  further  been  assumed  that  the  activity  of  the  process  s- 
depends  on  the  quantity  of  the  nitrogenous  compounds  at 
disposal  of  the  roots,  the  tubercles  developing  unhindered, 
becoming  large  and  typical,  in  a  soil  rich  in  nitrogen,  but  attai 
ing  no  great  size  in  poorer  soils.  The  source  of  the  nitrogen 
the  bacteria  is  here  supposed  to  be  combined  nitrogen  m  t 
soil.  The  experimental  results  which  have  been  describe^^^ 
clearly  show,  however,  that  the  nodules  may  develop  very  plent: 
fully^  in  a  nitrogen-free  soil,  and  that  there  may,  under 
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conditions,  be  great  gain  of  nitrogen  if  only  the  soil  be  suitably 
infected.  Nor  would  there  be  any  such  actual  gain  of  nitrogen  in 
nitrogen-free  soils,  as  there  undoubtedly  is,  if  the  source  of  the 
nitrogen,  either  of  the  parasite  or  of  the  host,  were  essentially 
the  supplies  of  combined  nitrogen  within  the  soil. 

Further,  one  assumption  is,  that  the  organisms  become  dis- 
tributed in  the  soil  both  during  the  life  of  the  host  and  after- 
wards, and  that  the  fixation  takes  place  under  their  agency 
within  the  soil  itself,  rather  than  in  the  course  of  the  develop- 
ment of  the  bacteria  in  symbiosis  with  the  higher  plant. 
Another  assumption  is,  that  the  fixation  takes  place  in  the  soil 
itself  under  the  influence  of  microbes  existing  within  it,  and 
that  the  higher  plant  assimilates  the  resulting  combined  nitrogen. 
As  bearing  upon  these  points,  it  may  be  observed  that  in  the 
experiments  with  peas  in  1888  there  was  practically  no  gain  of 
nitrogen  within  the  soil  itself,  which  it  may  be  supposed  there 
would  have  been  if  the  fixation  had  taken  place  within  it,  and 
the  host  had  acquired  its  gain  from  the  compounds  there  pro- 
duced. Indeed,  the  evidence  at  present  at  command  certainly 
does  not  point  to  the  conclusion  that  the  gain  of  nitrogen  by 
Leguminosoe  under  the  influence  of  microbe  infection  of  the 
soil,  and  nodule-formation,  is  due  to  fixation  by  organisms  within 
the  soil  itself,  independently  of  the  symbiosis.  It  is  obvious, 
too,  that,  so  far  as  free  nitrogen  may  be  fixed  by  microbes  within 
the  soil,  independently  of  connection  with  a  higher  plant,  the 
resulting  nitrogenous  compounds  should,  directly  or  indirectly, 
be  available  to  plants  generally,  whether  leguminous  or  non- 
leguminous. 

On  this  point  it  may  be  remarked  that  about  thirty  years 
ago  Boussingault  concluded,  from  the  results  of  vegetation  ex- 
periments made  in  1858  and  1859  in  mixtures  of  rich  soil  and 
sand,  that  free  nitrogen  had  been  fixed  within  the  soil  by  the 
agency  of  mycodermic  vegetation,  and  that  the  nitrogenous 
products  which  remained  within  it  were  largely  in  the  form  of 
organic  detritus.  Subsequently,  however,  he  considered  that 
there  was  not  satisfactory  evidence  that  free  nitrogen  is  fixed 
within  the  soil  under  the  influence  of  the  development  of  lower 
organisms.  It  is,  nevertheless,  of  interest  to  observe  that  those  of 
his  results  in  1858  and  1859  which  showed  any  material  gain  of 
nitrogen,  either  in  the  vegetable  matter  grown,  or  in  the  soil, 
were  obtained  with.  Leguminosce,  and  that  in  the  case  in  which 
there  was  the  greatest  gain  in  the  plants  themselves,  he  records 
that  there  were  numerous  tubercles  on  their  roots.  In  one  other 
case,  in  which,  however,  only  sand  was  used  as  soil,  and  the 
gain  in  the  plant  was  but  small,  he  also  observed  tubercles  on 
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tho  roots.  In  the  other  cases  of  gain  no  mention  is  mado  of 
tubercles,  and  it  may  be  that  the  roots  were  not  so  examined  as 
to  determine  whether  they  existed  or  not.  It  is,  at  any  rate, 
very  significant,  when  viewed  in  the  light  of  recently  acquired 
knowledge,  that  in  all  the  cases  of  gain  the  plants  grown  were 
of  the  leguminous  family,  and  that  in  some  of  them  nodules 
were  observed  on  the  roots. 

Again,  Berthelot's  experiments  showed  fixation  of  free  nitro- 
gen by  the  agency  of  microbes  within  the  soil,  both  in  the 
absence  of  higher  vegetation,  and  also  coincidently  with  the 
growth  of  non-leguminous  plants.     He  further  considers  that 
such  fixation  takes  place  to  an  extent  which  would  be  an  im- 
portant source  of  nitrogen  to  our  crops.     As  referred  to  above, 
Boussingault's  experiments  of  1858  and  1859  showed  fixation 
within  the  soil  which  he  then  attributed  to  the  agency  of  myco- 
dermic  vegetation.     The  fact  of  such  fixation  within  the  soil, 
under  the  influence  of  lower  plants,  has  also  been  confirmed  by  the 
recent  results  of  some  other  experimenters.  Thus,  MM.  Schloesing 
Als  and  Laurent  have  shown  fixation  in  bare  soil,  and  in  soils 
growing  various  non-leguminous  plants,  when  certain  Lichens 
and  AlgaD  were  developed,  but  not  when  their  occurrence  was 
prevented.     We  believe  that  Hellriegel  has  also  found  fixation 
coincidently  with  the  growth  of  certain  Alga3.     Nevertheless,  it 
may  be  observed,  that  neither  experience  in  practical  agriculture, 
nor  the  nitrogen  statistics  of  soils  and  crops,  points  to  the  conclu- 
sion that  there  is  gain  of  nitrogen  to  any  material  extent  by  the 
fixation  of  free  nitrogen  under  the  agency  of  microbes  within 
the  soil  independently  of  leguminous  growth.     It  was  our  in- 
tention to  commence  experiments  on  this  subject  at  Rothamsted 
in  the  past  year  (1891),  but  we  have  not  yet  been  able  to  do  so. 
In  1 888,  however,  Berthelot  made  numerous  experiments 
with  Leguminosce,  and  in  many  of  them  he  found  very  large 
gains  of  nitrogen ;  indeed,  a  much  higher  range  of  gain  than  in 
his  other  experiments.     That  there  should  be  large  gain  under 
such  conditions  is  quite  consistent  with  the  results  which  liave 
been  recorded  of  the  experiments  made  at  Rothamsted  in  1888 
and  1889  with  Leguminosce,  and  with  those  previously  obtained 
by  Hellriegel  and  Wilfarth.     Further,  these  results  of  Berthelot, 
like  those  obtained  at  Rothamsted  and  by  others  with  legumin- 
ous plants,  are  consistent  with  well-established  facts  of  agricul- 
tural production,  and  with  the  nitrogen  statistics  of  soils  and 
crops,  and  serve  with  them  to  aid  the  solution  of  long-recog- 
nised problems  in  connection  with  the  growth  of  leguminous 
crops. 

But,  whether  or  not  it  may  eventually  be  established  that 
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nitrogen  is  fixed,  to  any  material  extent,  by  microbes  within  the 

soil,  iadependently  of  leguminous  growth,  there  is  evidence  that 

in  soils  and  subsoils  containing  organic  nitrogen,  lower  organisms 

may  serve  the  higher  plants  by  taking  up  or  attacking  and 

bringmginto  amore  readily  available  condition  combined  nitrogen 

not  otherwise,  or  only  very  slowly,  available  for  the  higher  plants. 

For  example,  it  is  probable  that  fungi  generally  derive  nitrogen 

from  organic  nitrogen ;  and  in  the  case  of  those  of  fairy  rings 

there  can  be  little  doubt  that  they  take  up  from  the  soil  organic 

nitrogen  which  is  not  available  to  the  meadow  plants,  and  that 

on  their  decay  their  nitrogen  becomes  available  to  the  associated 

herbage.     Then  in  the  case  of  the  fungus  mantle,  observed  by 

Frank  on  the  roots  of  certain  trees,  it  may  be  supposed  that  the 

ftingus  takes  up  organic  nitrogen,  and  so  becomes  the  medium 

of  the  supply  of  the  soil  nitrogen  to  the  plant.     More  pertinent 

still  is  the  action  of  the  nitrifying  organisms  in  rendering  the 

organic  nitrogen  of  the  soil  and  subsoil  available  to  the  higher 

plants.    It  may  well  be  supposed,  therefore,  that  there  may  be 

other  cases  in  which  lower  organisms  may  serve  the  higher, 

bringing  into  a  more  available  condition  the  combined  nitrogen 

already  existing,  but  in  a  comparatively  inert  state,  in  soils  and 

subsoils. 

But  to  return  to  the  question  of  the  explanation  of  the  un- 
doubted fixation  of  free  nitrogen  in  the  growth  of  leguminous 
crops  under  the  influence  of  suitable  microbe  infection,  and  of  the 
development  of  nodules  on  the  roots  of  the  plants. 

As  in  the  exact  quantitative  series  of  experiments  made  at 
Rothamsted  in  1888  and  since,  some  of  the  results  of  which  have 
been  given,  the  plants  were  not  taken  up  until  they  were  nearly 
ripe,  it  is  obvious  that  the  roots  and  their  nodules  could  not  be 
examined  during  growth,  but  only  at  the  conclusion,  when  it  is 
to  be  supposed  that  the  contents  of  the  nodules  would  be  to  a 
great  extent  exhausted.  Another  series  was,  therefore,  com- 
menced in  1890,  and  is  still  in  progress,  in  which  the  same  four 
annuals — peas,  beans,  vetches,  and  yellow  lupins — and  the  same 
fi^ur  plants  of  longer  life — white  clover,  red  clover,  sainfoin,  and 
Inceme — were  grown  in  specially-made  pits,  so  arranged  that 
some  of  the  plants  of  each  description  could  be  taken  up,  and 
tJieir  roots  and  nodules  studied,  at  successive  periods  of  growth: 
the  annuals  at  three  periods — namely,  first  when  active  vegeta- 
tion was  well  established,  secondly  when  it  was  supposed  that 
the  point  of  maximum  accumulation  had  been  approximately 
reached,  and  thirdly  when  nearly  ripe  ;  and  the  plants  of  longer 
life  at  four  periods — namely,  at  the  end  of  the  first  year,  and  in 
the  second  year  when  active  vegetation  was  re-established,  when 
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the  point  of  maximum  accumulation  had  been  reached,  and  lastly 
when  the  seed  was  nearly  ripe.  Each  of  the  eight  descriptions 
of  plant  was  grown  in  sand  (with  the  plant-ash),  watered  with 
the  extract  from  a  rich  soil ;  also  in  a  mixture  of  two  parts  rich 
garden  soil  and  one  part  of  sand.  The  pits  with  their  plants 
were  exposed  to  the  open  air,  but  protected  from  heavy  rain. 

In  the  sand  the  infection  was  comparatively  local  and  limited, 
but  some  of  the  nodules  developed  to  a  great  size  on  the 
roots  of  the  weak  plants  so  grown.  In  the  rich  soil  the  infection 
was  much  more  general  over  the  whole  area  of  the  roots,  the 
nodules  were  much  more  numerous,  but  generally  very  much 
smaller.  Eventually  the  nodules  were  picked  oflF  the  roots, 
counted,  weighed,  and  the  dry  substance  and  the  nitrogen  in 
them  determined. 

Taking  the  peas  as  typical  of  the  annuals,  and  the  sainfoin 
of  the  plants  of  longer  life,  the  general  result  was  that,  at  the 
third  period  of  growth  of  the  peas  in  sand,  the  amount  of  dry 
matter  of  the  nodules  was  very  much  diminished,  the  percentage 
of  nitrogen  in  the  dry  matter  was  very  much  reduced,  and  the 
actual  quantity  of  nitrogen  remaining  in  the  total  nodules  was 
also  very  much  reduced.  In  fact,  the  nitrogen  of  the  nodules 
was  almost  exhausted.  The  peas  grown  in  rich  soil,  however, 
maintained  much  more  vegetative  activity  at  the  conclusion, 
and  showed  a  very  great  increase  in  the  number  of  nodules  from 
the  first  to  the  third  period ;  and,  with  this,  there  was  also  much 
more  dry  substance,  and  even  a  greater  actual  quantity  of  nitro- 
gen, in  the  total  nodules  at  the  conclusion.  Still,  as  in  the  peas 
^own  in  sand,  the  percentage  of  nitrogen  in  the  dry  substance 
of  the  nodules  was  very  much  reduced  at  the  conclusion. 

In  the  case  of  the  plant  of  longer  life,  the  sainfoin,  there  was, 
loth  in  sand  and  in  soil,  very  great  increase  in  the  number  of 
nodules,  and  in  the  actual  amount  of  dry  substance  and  of  nitro- 
gen in  them,  as  the  growth  progressed.  The  percentage  of 
nitrogen  in  the  dry  substance  of  the  nodules  also  showed,  even 
in  the  sand,  comparatively  little  reduction,  and  in  the  soil  even 
an  increase.  In  fact,  separate  analyses  of  nodules  of  different 
character  or  in  different  conditions  showed  that,  whilst  some 
were  more  or  less  exhausted  and  contained  a  less  percentage 
of  nitrogen,  others  contained  a  high  percentage,  and  were  doubt- 
less new  and  active. 

Thus,  the  results  pointed  to  the  interesting  conclusion  that, 
in  the  case  of  the  annual,  when  the  seed  is  formed,  and  the 
plant  more  or  less  exhausted,  both  the  actual  amount  of  nitrogen 
in  the  nodules,  and  its  percentage  in  the  dry  substance,  are 
greatly  reduced ;  but  that,  with  the  plant  of  longer  life,  although 
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the  earlier  formed  nodules  become  exhausted,  others  are  con- 
stantly produced,  thus  providing  for  future  growth.  The  results 
ofthis  new  series  of  experiments,  taken  together  with  those  of 
the  quantitative  series,  also  serve  further  to  show  that  there  is 
intimate  connection  between  the  gain  of  nitrogen  by  Leguminosce 
and  the  development  of  nodules  on  their  roots. 

The  alternative  explanations  of  the  fixation  of  free  nitrogen 
seem  to  be — 

1.  That,  under  the  conditions  of  the  symbiosis,  the  plant  is 
enabled  to  fix  the  free  nitrogen  of  the  atmosphere  by  its  leaves. 

2.  That  the  nodule-organisms  become  distributed  within  the 
soil,  and  there  fix  free  nitrogen ;  the  resulting  nitrogenous  com- 
pomids  becoming  available  as  a  source  of  nitrogen  to  the  roots 
of  the  higher  plant. 

3.  That  firee  nitrogen  is  fixed  in  the  course  of  the  develop- 
ment of  the  organisms  within  the  nodules,  and  that  the  resulting 
nitrogenous  compounds  are  absorbed  and  utilised  by  the  host. 

It  certainly  seems  to  us  that  the  balance  of  the  evidence  at 
present  at  command  is  much  in  favour  of  the  third  mode  of  ex- 
planation. Indeed,  there  seems  little  or  nothing  in  the  facts  to 
lead  to  the  conclusion  that  under  the  influence  of  the  symbiosis 
the  higher  plant  itself  is  enabled  to  fix  the  free  nitrogen  of  the 
air  by  its  leaves.  Nor  does  the  evidence  point  to  the  conclusion 
that  the  nodule-bacteria  become  distributed  through  the  soil 
and  there  fix  free  nitrogen,  the  compounds  of  nitrogen  there 
produced  being  taken  up  by  the  higher  plant.  It  seems  more 
consistent,  both  with  the  experimental  results,  and  with  general 
^ews,  to  suppose  that  the  nodule-bacteria  fix  free  nitrogen 
^thm  the  higher  plant,  and  that  the  nitrogenous  compounds 
produced  are  absorbed  and  utilised  by  the  plant.  In  other 
^ords,  there  does  not  seem  to  be  any  evidence  that  the  higher 
cUorophyllous  plant  itself  fixes  free  nitrogen,  or  that  the  fixation 
^es  place  within  the  soil ;  but  it  is  much  more  probable  that 
^he  lower  organisms  fix  the  free  nitrogen.  If  this  should  eventu- 
%  be  established,  we  have  to  recognise  a  new  power  of  living 
^^nisms — that  of  assimilating  an  elementary  substance.  But 
^m  would  only  be  an  extension  of  the  fact  that  lower  organisms 
^^  capable  of  performing  assimilation-work  which  the  higher 
J^imot  accomplish ;  whilst  it  would  be  a  further  instance  of 
lower  organisms  serving  the  higher.  Finally,  it  may  here  be 
^Dflerved  that  Loew  has  suggested  that  the  vegetable  cell,  with 
^^  active  protoplasm,  if  in  an  alkaline  condition,  may  fix  free 
^te)gen  with  tihe  formation  of  ammonium  nitrite.  Without 
P^^ssing  any  judgment  on  this  point,  it  may  be  stated  that  ithatt 
^uently  been  found  at  Bothamsted  that  the  contents  of  the 
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nodules  have  a  weak  alkaline  reaction  when  in  apparently  an 
active  condition — that  is  whilst  still  flesh-red  and  glistening. 

It  will  be  seen  that  the  experimental  results  which  have 
been  brought  forward  constitute  only  a  small  proportion  of 
those  already  obtained,  or  yet  to  be  obtained,  at  Bothamsted ; 
and  it  is  hoped  that,  in  the  course  of  the  further  prosecution  of 
the  investigations  which  have  been  undertaken,  more  definite 
answers  will  be  forthcoming  to  some  of  the  admittedly  still  open 
questions  in  connection  with  this  interesting  and  important 
subject. 

Of  what  Importaisxe  to  Agriculture  is  the  Newly- 
recognised   Source    of   Nitrogen  to  Leguminous  Crops? 

The  question  yet  remains : — What  is  the  practical  importance 
of  the  newly-recognised  source  of  nitrogen  to  the  LeguminoscPj 
considered  in  its  bearing  on  the  known  facts  of  agricultural 
production,  and  especially  on  the  question  of  the  sources  of  the 
nitrogen,  not  only  of  leguminous  crops  themselves,  but  of  crops 
generally  ?  Unfortunately,  as  in  the  matter  of  the  explanation 
of  the  action  by  which  the  nitrogen  is  fixed,  there  is  much  yet 
to  learn  before  an  adequate  answer  can  be  given.  Still  it  is 
desirable  to  report  progress. 

We  have  said  that  whilst  experience,  whether  practical  or 
experimental,  did  not  point  to  an  unsolved  problem  in  the 
matter  of  the  sources  of  the  nitrogen  of  the  agricultural  plants 
of  other  families,  it  was  quite  otherwise  so  far  as  those  of  the 
Leguminosce  were  concerned.  It  is  true,  that  both  agricultural 
investigation,  and  direct  vegetation  experiment,  have  clearly 
shown  that  Leguminosce  do  take  up  much  soil-nitrogen,  and,  at 
any  rate  in  great  part,  as  nitrate.  But  it  is  admitted  that,  in 
the  case  of  some  direct  experiments  bearing  on  the  point,  the 
evidence  was  not  such  as  to  justify  the  conclusion  that  the 
whole  of  the  nitrogen  had  been  so  derived;  and  that  hence 
some  other  explanation  of  the  large  amounts  assimilated  was 
needed. 

It  has  been  seen  that  the  balance  of  experimental  evidence  is 
against  the  supposition  that  the  higher  plants  themselves  can 
assimilate  free  nitrogen.  But,  it  is  now  established  that,  at  any 
rate  in  the  case  of  some  leguminous  plants,  they  gain  nitrogen 
coincidently  with  the  development  on  their  roots  of  tubercular 
bodies  containing  bacteria ;  and  the  evidence  points  to  the  con- 
clusion that  it  is  the  lower  organisms,  and  not  the  higher 
plants,  that  fix  free  nitrogen. 

It  has  been  stated  that  the  characteristic  nodules  have  been 
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found  on  the  roots  of  various  leguminous  plants  growing  among 
the  mixed  herbage  of  grass-land,  and  also  on  those  of  others 
growing  on  arable  land,  in  the  ordinary  course  of  agriculture. 
There  can  be  little  doubt  that,  when  such  plants  are  growing  in 
soil  and  subsoil  containing  an  abundance  of  combined  nitrogen, 
they  will  obtain  some  of  their  nitrogen  from  nitrates,  or  other 
ready-formed  compounds  of  nitrogen.     It  has  further  been  sug- 
gested, that  lower  organisms  may  serve  the  higher,  at  any  rate 
in  part,  by  bringing  the  combined  nitrogen  existing  in  the  soil 
and  subsoil  in  a  comparatively  inert  state,  into  a  more  readily 
available  condition.     An  obvious  diflSculty  in  the  way  of  the 
assumption,  that  much  of  the  greater  assimilation  of  nitrogen  by 
the  LeguminoscB  than  by  other  plants  is  due  to  a  supply  of  nitric 
acid  by  the  nitrification  of  the  combined  nitrogen  of  the  subsoil, 
is  that  the  direct  application  of  nitrates  as  manure  has  compara- 
tively Uttle  effect  on  the  gi'owth  of  such  plants.     In  the  case  of 
the  direct  application  of  nitrates,  however,  the  nitric  acid  will 
percolate  chiefly  as  nitrate  of  soda  or  nitrate  of  lune,  unaccom- 
panied by  the  other  necessary  mineral  constituents  in  an  avail- 
able condition ;  whereas,  in  the  case  of  nitric  acid  being  formed 
as  a  result  of  action  on  the  organic  nitrogen  of  the  subsoil,  it  is 
probable  that  it  will  be  associated  with  other  constituents,  liber- 
ated, and  so  rendered  available,  at  the  same  time.     But,  so  far 
as  the  plants  obtain  nitrogen  derived  from  the  fixation  of  free 
nitrogen,  the  question  arises — under  what  conditions  will  this 
supply  come  the  more  or  the  less  into  play  ? 

In  some  of  the  experiments  made  in  pots  at  Rothamsted, 
the  results  of  which  have  been  given,  there  was  a  less  develop- 
ment of  nodules  on  the  roots  when  soil  containing  an  abundance 
of  combined  nitrogen  was  used,  than  when  nitrogen-free  sand 
was  employed.  But,  the  less  growth,  and  the  less  formation  of 
iiodules  in  the  rich  soil,  was  supposed  to  be  due  to  clotting,  and 
therefore  to  defective  porosity,  especially  after  watering.  On 
fte  other  hand,  as  already  said,  some  experimenters  have  con- 
cluded that  the  activity  of  the  process  depends  on  the  quantity 
of  nitrogenous  compounds  at  the  disposal  of  the  roots;  the 
uodules  developing  unhindered,  and  becoming  large  and  typical 
^  soils  rich  in  nitrogen,  whilst  in  soils  poor  in  nitrogen  they 
attam  no  great  size. 

In  the  later  series  of  experiments  made  at  Rothamsted, 
tuofle  conducted  in  pits  in  the  open  air,  to  which  brief  reference 
uas  been  made,  the  general,  though  not  the  invariable,  result 
^as,  however,  that  there  was  a  much  greater  number  of  nodules 
formed  on  the  roots  of  the  plants  growing  in  rich  soil  than  on 
tuose  grown  in  sand.     But  whilst  as  a  rule  the  individual,  but 
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much  fewer  nodules  on  the  roots  grown  in  sand,  developed  to  a 
mach  greater  size ;  the  much  larger  number  in  the  soil  were 
very  much  smaller. 

As  to  the  smaller  number  of  nodules  formed  in  sand  than 
in  rich  soil,  the  explanation  may  simply  be  that,  as  in  the  sand 
the  infection  was  dependent  on  the  additions  of  rich  soil-extract 
only,  the  diflFusion  of  the  microbes  would  be  only  limited,  and  the 
infection  of  the  roots  therefore  only  local  or  accidental  ,•  whilst 
the  much  greater  size  of  the  individual  nodules  may  be  dae  to 
the  want  of  power  in  the  more  weakly  plant  growing  in  nitrogen- 
free  soil  to  resist  the  free  development  of  the  parasite.  On  the 
other  hand,  in  the  mixture  of  rich  soil  and  sand,  the  microbes 
would  probably  be  distributed  throughout  it,  and  the  roots 
accordingly  exposed  to  infection  along  their  whole  range.  The 
much  less  development  of  the  individual  but  more  numeroos 
nodules  in  the  rich  soil  may  be  due  to  one  of  two  very  different 
causes.  It  may  be  that  although  the  more  vigorous  plants  grown 
in  the  rich  soil  could  not  resist  the  original  infection,  they  were 
able  to  resist  the  further  development  of  the  parasite ;  or,  it 
may  be,  that  with  the  more  vigorous  growth  the  nodules  were 
more  rapidly  exhausted  of  their  contents  to  feed  the  host.  It 
wiU  be  obvious  that,  on  the  former  supposition,  some  of  the 
nitrogen  of  the  restrictedly  developed  individual  nodules  may 
have  been  obtained  from  the  nitrogenous  matters  of  the  plant 
itself  derived  from  soil-nitrogen,  in  which  case  the  gain  from 
fixation  would  be  less  than  would  otherwise  be  indicated  by 
the  great  number  of  nodules  produced ;  and  in  favour  of  this 
supposition,  which  implies  that  in  the  early  stages  of  the  infec- 
tion the  bacteria  derive  nitrogenous  nutriment  from  the  stores 
of  the  higher  plant  itself,  and  only  later  from  the  fixation  of  free 
nitrogen,  is  the  fact  of  the  observed  "  nitrogen  hunger  stage  " 
so  characteristic  of  plants  for  some  time  after  infection,  when 
growing  in  nitrogen-free  soil,  probably  indicating  that  during 
that  period  the  limited  stores  of  the  plant  are  being  drawn  upon. 
On  the  second  supposition,  on  the  other  hand — that  the  small- 
iiess  of  the  nodules  was  due  to  their  rapid  exhaustion  by  the 
host — it  might  be  that  more  of  the  nitrogen  of  the  nodules  would 
be  due  to  fixation,  and  that  hence  a  larger  proportion  of  the 
total  nitrogen  of  the  plant  would  be  gain  attributable  to  that 
source. 

Obviously  more  evidence  is  needed  before  a  decisive  opinionu 
can  be  formed,  as  to  how  far  fixation  of  free  nitrogen  is  an.- 
essential  coincident  of  nodule-development  at  all  its  stages  o£ 
accumulation,  and   how  far  therefore  the  amount  of  nodule-— 
formation  may  be  taken  as  a  fair  measure  of  the  fixation. 
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It  is  to  be  supposed  that  when  nodules  develop  abundantly 
on  the  roots  of  leguminous  plants  growing  in  soil  rich  in  readily 
available  combined  nitrogen,  the  nitrogen  assimilated  will  be 
partly  due  to  soil  supplies  of  combined  nitrogen,  and  partly  to 
fixation.  That  there  is  gain  when  red  clover,  for  example, 
grows  luxuriantly  on  ordinary  arable  soil,  common  experience 
can  leave  but  little  doubt.  ITie  evidence  of  fixation  is,  however, 
nndonbtedly  much  the  clearer  in  the  case  of  soils  poor  in  nitro- 
gen. Thus,  in  the  cases  of  the  experiments  with  peas,  vetches, 
and  yellow  lupins,  growing  in  nitrogen-free  but  duly  infected 
sand,  there  being  no  other  supply  of  combined  nitrogen  than  that 
in  the  seed  sown,  the  proportion  of  the  total  assimilation  due  to 
fixation  was  undoubtedly  very  large.  It  may  safely  be  concluded, 
indeed,  that  when  luxuriant  leguminous  crops  are  obtained  on 
Boils  characteristically  poor  in  available  combined  nitrogen,  a 
large  proportion  of  the  total  nitrogen  assimilated  will  be  due  to 
fixation.  It  is,  on  the  other  hand,  by  no  means  so  clear  that, 
when  such  plants  are  grown  in  soil  rich  in  available  combined 
nitrogen,  an  abundant  development  of  nodules  is  to  be  taken  as 
indicating  that  a  correspondingly  great  proportion  of  the  total 
nitrogen  assimilated  is  due  to  fixation. 

There  can,  however,  be  little  doubt  that  in  the  growth  in 
practical  agriculture  of  leguminous  crops,  such  as  clover,  vetches, 
peas,  beans,  sainfoin,  lucerne,  &c.,  at  any  rate  some,  and  in 
some  cases  a  considerable  proportion,  of  the  large  amount  of 
nitrogen  which  they  contain,  and  of  the  large  amount  which 
they  frequently  leave  as  nitrogenous  residue  in  the  soil  for 
ftiture  crops,  is  due  to  the  fixation  of  free  nitrogen,  brought  into 
combination  by  the  agency  of  lower  organisms.  Evidence  is, 
however,  obviously  still  wanting,  to  enable  us  to  judge  decisively 
under  what  conditions  a  greater  or  less  proportion  of  the  total 
iiitrogen  of  the  crop  will  be  derived — on  the  one  hand  from 
lutrogen-compounds  within  the  soil,  and  on  the  other  from 
Nation. 

Incidentally,    the    question    suggests   itself — how   far   the 

^ure  of  red  clover,  or  of  other  leguminous  crops,  may  be  due 

fe  the   exhaustion    of   the    organisms    necessary   for   nodule 

development,  and  for  the  coincident  fixation  of  free  nitrogen ; 

*iow  far  to  the  exhaustion  of  combined  nitrogen,  or  of  the  neces- 

^ly  mineral  constituents,  in  an  available  condition,  within  the 

^^nge  of  the  roots;  or,  as  is   sometimes  the  case,  to  insect 

^^vages  depending  on  the  condition  of  the  soil  independently  of 

^^  otherwise  failing  condition  of  the  plant. 

Assuming  it  then  to  be  established,  that  a  greater  or  less, 
^^d  sometimes  a  considerable  proportion,  of  the  nitrogen  of  our 
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leguminous  crops  will  be  due  to  fixation  under  the  conditions 
supposed,  it  is  obvious  that  such  a  fact  not  only  serves  to  explain 
the  source  of  the  hitherto  unaccounted-for  amount  of  the 
nitrogen  of  those  crops  themselves,  but  that  it  also  aflTords  an 
explanation  of  the  source  of  the  increased  amount  of  nitrogen 
which  other  crops  acquire,  when  they  are  grown  in  association, 
or  in  alternation,  with  Leguminosoe,  Lastly,  the  fact  that,  at  any 
rate  many  leguminous  plants,  including  papilionaceous  shrul^ 
and  trees,  as  shown  by  Nobbe,  are  susceptible  to  the  symbiosis 
and  under  its  influence  may  gain  much  nitrogen,  serves  to 
explain  the  source  of  some,  at  least,  of  the  large  amount  of 
combined  nitrogen  accumulated  through  ages  in  our  soils  and 
subsoils,  and  also  the  comparatively  slow  exhaustion  of  their 
stores  of  it,  by  cropping,  drainage,  and  in  other  ways. 

We  will,  in  conclusion,  refer  to  some  of  the  more  directly  prac- 
tical aspects  of  the  subject.  It  may  be  observed  that  in  Germany, 
Schultz,  ofLupitz,  has  for  some  years  devoted  a  considerable  area 
of  poor  gravelly  and  sandy  soil  to  the  growth  of  leguminous  crops 
— various  clovers,  lupins,  serradella  {Omithopus  sativtis)^  &c. — ^by 
means  of  kainit  and  phosphatic  manures,  and  he  has  found  the 
land  thereby  very  much  enriched  for  future  cereal  and  other  crops. 
He  finds,  however,  that  it  is  necessary  to  vary  the  description 
of  leguminous  crop  grown.  In  various  parts  of  Germany,  too, 
the  system  is  gradually  extending  of  growing  lupins,  serradella, 
or  other  leguminous  crops,  especially  on  poor  sandy  soils,  with  a 
view  to  their  enrichment  in  nitrogen.  And,  on  a  large  estate  in 
Hungary,  it  was  found  that  the  results  of  the  recent  investiga- 
tions indicating  the  fixation  of  free  nitrogen  in  the  course  of  the 
development  of  leguminous  crops  were  being  carefully  studied 
with  a  view  to  practical  application. 

In  our  own  country,  Mr.  Mason,  of  Eynsham  Hall,  Oxford- 
shire, commenced  in  1889  some  experiments  with  various 
Leguminosoe  on  small  plots;  and  in  1890  a  considerable  series 
in  specially-builfc  tanks  or  pits,  in  which  he  has  grown  various 
leguminous  agricultural  plants,  as  well  as  some  leguminous 
shrubs,  with  a  view  to  the  study  of  their  root  and  nodule 
development,  and  the  connection  of  these  with  luxuriance  of 
growth,  and  gain  of  nitrogen.  He  has  also  devoted  about  200 
acres  to  the  practical  application  of  the  recently  acquired 
knowledge  in  regard  to  nitrogen  fixation.  Stated  in  a  few 
words,  his  idea  is,  to  reduce  his  area  under  roots,  and  to 
grow  instead  mixed  crops  of  Leg^iminosce  —  beans,  various 
clovers,  &c. — liberally  manured  with  basic  slag  and  kainit, 
and  to  convert  the  produce  in  the  first  year  into  silage,  and 
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in  the  second  into  hay.  The  land  is  thus  occupied  for  two 
years,  and  the  assumption  is,  that  in  this  way  highly  nitrogenous 
crops  will  be  obtained  with  mineral  but  without  any  nitrogenous 
manure,  and  that  the  land  will  be  left  in  high  condition  so  far 
aa  nifcrogen  is  concerned  for  the  growth  of  saleable  crops,  such 
as  potatoes,  or  grain,  which  require  nitrogenous  manuring.  In 
other  words,  the  plan  is,  as  he  puts  it,  first  to  grow  nitrogen- 
accumulating  crops  for  home  consumption,  and  afterwards 
nitrogen-consuming  crops  for  sale.  The  experiment  has  been 
in  progress  too  short  a  time  to  judge  how  fcir  it  will  be  success- 
fol  in  a  series  of  years,  or  of  rotations.  It  is  at  any  rate  pretty 
certain  that,  to  obtain  luxuriant  leguminous  crops  so  frequently 
as  the  plan  supposes,  it  will  be  necessary  that  the  description 
of  plant  grown  should  be  varied  from  time  to  time.  It 
has  also  yet  to  be  determined,  to  what  extent  the  nitrogen 
removed  in  the  leguminous  crops  and  made  into  silage  or  hay 
must  be  returned  to  the  land  in  the  form  of  manure ;  or  whether 
part  of  the  green  crop  should  be  consumed  on  the  laud,  or 
ploughed  in,  for  the  after-growth  of  the  saleable  crops. 

There  is,  of  course,  nothing  new  in  the  fact  that,  after  the 
growth  of  a  leguminous  crop,  such  as  red  clover  for  example, 
the  soil  is  left  in  a  higher  condition  for  the  subsequent  growth 
of  a  grain  crop ;  and  that,  in  fact,  the  growth  of  such  a  legu- 
minous crop  is  to  a  great  extent  equivalent  to  the  application 
of  a  nitrogenous  manure  for  the  cereal.  Indeed,  history  tells 
lis  that  more  than  two  thousand  years  ago  it  was  recognised 
hy  the  Romans  that  the  occasional  growth  of  plants  of  the 
leguminous  family  had  the  effect  of  increasing  the  growth  of 
the  gramineous  crops  with  which  they  were  alternated,  and  it 
was  stated  that  the  effect  was  equivalent  to  that  of  applying 
manure.  Thus  Varro  says  that,  "  Certain  things  are  to  be 
sown,  not  with  the  hope  of  any  immediate  profit  being  derived 
from  them,  but  with  a  view  to  the  following  year,  because, 
bebg  ploughed  in  and  then  left  in  the  ground,  they  render  the 
soil  afterwards  more  fruitful ; "  and  the  plants  used  for  this 
pwpose  were  lupins,  beans,  vetches,  and  other  legumes. 

Now,  however,  that  the  character  of  the  action  is  more 
clearly  understood,  and  it  is  certain  that  there  is  actual  gain 
of  nitrogen  from  sources  external  to  the  soil  itself,  it  seems 
oesirable  that  at  any  rate  tentative  trials  should  be  made  on 
Cerent  descriptions  of  soil,  with  the  view  of  ascertaining 
whether  more  advantage  cannot  be  taken  of  this  source  of  nitro- 
^ou  than  our  established  practices  of  rotation  at  present  secure. 

The  experimental  results  which  have  been  brought  forward 
^l^rly  establish  that  there  is  great  gain  of  nitrogen  under 
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The  passing  of  the  Allotments  Acts  of  1887  and  of  1890,  and 
of  the  Small  Holdings  Act  of  1892,  is  evidence  of  the  public 
interest  taken  in  recent  years  in  t!.e  position  and  future  pro- 
spects of  the  working  classes  generally,  and  especially  of  the 
agricultural  labourer.  Stated  in  a  few  words,  the  object  of  the 
first  two  of  these  measures  is  to  facilitiite  the  acquirement  of 
areas  not  exceeding  one  acre,  mainly,  therefore,  for  the  provision 
of  T^liat  may  be  called  garden  allotments  as  distinguished  from 
small  agricultural  holdings.  The  object  of  the  more  recent 
measure  is,  on  the  other  hand,  to  facilitate  the  acquirement  of 
areas  of  more  than  one,  and  not  exceeding  fifty  acres,  that  is, 
for  the  acquirement  of  small  farms. 

Number  of  Allotments  in  Great  Britain. 

For  many  years  prior  to  1887,  the  system  of  granting 
garden  allotments  to  agricultural  labourers,  and  to  others  of  our 
rural  populations,  had  been  established,  and  it  had  been  gradu- 
ally extending  from  year  to  year.  Official  returns  showing 
the  number  of  allotments  granted  from  the  date  of  tlie  passing 

of  the  Allotments  Act  in  1887  up  to  the  present  time,  a  period 

♦  ^  2 
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of  rather  over  five  years,  have  not  been  published.  But  si 
records  as  are  available  enable  us  to  form  a  fairly  approxiin 
estimate  of  the  impetus  given  to  the  extension  of  the  system 
the  discussion  and  by  the  passing  of  the  Allotments  As 
Thus,  the  following  Table  shows,  for  England,  Wales,  Scotia 
and  Great  Britain  collectively,  the  number  of  allotments, 
exceeding  one  acre  in  area,  in  1873,  in  1886,  and  in  1890  ; 
actual  increase  from  1873  to  1886,  and  from  1886  to  18£ 
also  the  average  increase  per  annum  between  1873  and  18 
and  between  1886  and  1890.  Supposing  the  returns  to  relf 
as  we  believe  they  do,  to  the  middle  of  the  year  in  each  ca 
the  period  from  1873  to  1886  will  be  thirteen  years,  and  ti 
from,  1886  bo  1890,  four  years. 


Table  I. — Number  of  AllotrnentSf  not  exceeding  1  Acre,  in  18 
1886,  cmd  1890 ;  also  the  Total,  and  the  average  ann\ 
Increase^  within  each  Period. 


England 


Wales* 


Scotland 


Great 
Britai 


Actual  Number  of  Alhtmenti. 


1873 
1886 
1890 


242,542 

1,72G 

2,130 

348,872 

4,1)49 

3,974 

441,024 

7.562 

6,419 

246,31 
357.7S 
455,0( 


Total  Increase  in  Xumher. 


1873-1886  (13  years) 
1886-1890    (4  years) 


1.844       1    111,31 
2,445      J      97,2] 


Increase  in  Numher  per  Annum. 


1873-1886  (13  years)   . 
1886-1890    (4  years)   . 


248 
653 


142 
611 


8,5< 
24,3( 


It  may  be  observed  that  details  not  given  in  the  Table  si 
that  of  the  total  number  of  allotments  in  1890,  in  Engh 
about  70*5  per  cent.,  in  Wales  91*7  per  cent.,  in  Scotland  8 
per  cent.,  and  in  Great  Britain  as  a  whole  71-0  per  cent.,  < 
not  exceed  one-quarter  of  an  acre.  Further,  the  figures  in  * 
Table  show,  that  whilst  the  average  annual  increase  in 
number  of  allotments  in  Great  Britaiu  was  8,569  over  the  tl 
teen  years  1873-1886,  it  was  24,302  over  the  four  years  18* 
1890,  or  nearly  three  times  as  great  during  the  latter  per- 
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Indeed,  in  reference  to  these  returns,  Major  Craigie,  in  his 
Beport  dated  July  18,  1890,*  says: 

"  Making  every  allowance  for  the  possible  imperfections  of  the 
earlier  figures,  it  seems  impossible  to  resist  the  conclusion  that 
a  large  and  important  increase  has  taken  place.  It  is  note- 
worthy that  the  rate  of  annual  increase  in  the  last  four  years 
hasb^n  apparently  three  times  as  rapid  as  between  1873  and 
1886." 

By  the  Allotments  Act  of  1 890  increased  powers  were  given 
for  the  acquirement  of  allotments  ;  but  whether  the  process  has 
or  has  not  thereby  been  quickened,  there  is  no  published  evidence 
to  show.  At  any  rate  there  is,  so  far  as  we  are  aware,  no 
reason  to  believe  that  the  rate  of  increase  has  been  less  during 
the  last  two  than  during  the  preceding  four  years ;  and  if  the 
mcrease  during  the  four  years  188G-1890  was  97,210,  it  seems 
quite  reasonable  to  assume  that  during  the  five  years  from  the 
passing  of  the  Allotments  Act  of  1887  up  to  the  present  time, 
the  increase  has  considei'ably  exceeded  100,000.  Nor  is  it  the 
least  satisfactory  element  of  the  result  that,  out  of  the  very  large 
increase  that  has  undoubtedly  taken  place,  so  few  (only  2,891) 
had  to  be  obtained  under  the  provisions  of  the  Acts,  and  only  one 
compulsorily,  as  is  shown  by  a  return  to  an  order  of  the  House 
of  Commons,  issued  by  the  Local  Government  Board,  under 
date  of  June  17,  1892  (No.  310).  In  fa^t,  it  would  seem  that, 
as  is  desirable  it  should  be,  the  influence  of  the  Acts  has  chiefly 
been  to  stimulate  voluntary  action. 

The  Return  in  question  shows  the  number  of  instances  in 
which  Rural  Sanitary  Authorities,  under  the  provisions  of  the 
Allotments  Act,  1887,  and  County  Councils,  under  the  provisions 
of  the  Allotments  Acts  of  1887  and  1890,  have  acquired  land 
for  allotments,  by  compulsory  purchase,  purchase  by  agreement, 
or  hire  by  agreement ;  it  also  shows  the  parish  in  which  the  land 
bas  been  acquired,  the  acreage^  and  tiie  number  to  whom  allot- 
nients  have  been  let  under  the  Act.     It  further  shows,  what 
Sanitary  Authorities  have  not  taken  land  for  allotments,  and  in 
®ach  case  the. reason  why  they  had  not  done  sa     It  appears 
that  fifty-six  Rural  Sanitary  Authorities  have  acquired  land  for 
^otments  under  the  Allotments  Act,  1887 ;  in  twelve  parishes 
^  purchase  under  agreement,  and  in  eighty-two  by  hire  under 
Agreement.     The  total  area  so  acquired  was  1,126  acres,  and 
fte  total  number  of  tenants  to  whom  the  allotments  had  been  let 
^as  2,733.     Five  hundred  and  eighteen  Rural  Sanitary  Autho- 

*  Betnm  of  Allotments  and  Small  Holdings  in  Great  Britain,  obtained  for 
tbc  Board  of  Agriculture  by  the  Inland  Revenue  Department  (C— 6144),  1890. 
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rities  bad  not  acqaired  land,  the  reasons  assigned  being  in  the 
majority  of  cases  that  allotments  had  been  provided  voluntarily 
by  landowners  under  private  arrangements,  or  that  no  applica- 
tions or  representations  under  the  Act  had  been  made  to  them. 
Four  County  Councils  had  also  acquired  land  under  the  Acts  of 
1887  and  1890  ;  in  only  one  parish  by  compulsory  purchase,  in 
one  by  purchase  under  agreement,  and  in  six  by  hire  under 
agreement ;  the  total  area  so  acquired  being  eighty-one  acres, 
and  the  number  of  tenants  to  whom  allotments  had  been  let 
Heventynsix.  In  the  case  of  three  parishes,  the  County  Councils 
had  delegated  their  powers  as  regards  the  land  acquired  by  them 
to  the  Rural  Sanitary  Authorities,  who  had  let  it  to  eighty-two 
tenants.  The  total  acreage  acquired  under  the  provisions  of  the 
two  Acts  has  been  1,207,  and  the  total  number  of  tenants  to 
whom  the  land  was  let  was  2,891.  No  return  is  given  of  the 
acreage  or  number  of  allotments  acquired  independently  of  the 
))ix)visions  of  the  Acts,  so  that  the  only  evidence  available  for 
forming  a  judgment  on  the  point  is  that  given  in  Table  I  and 
in  the  text ;  and  there  is  no  reason  to  suppose  that  the  estimate 
we  have  given  is  at  all  excessive. 

There  can  at  any  rate  be  no  doubt  that  there  has  been  a 
great  increase  in  the  acquirement  of  allotments,  directly  or 
indirectly,  under  the  influence  of  the  Allotments  Acts  of  1887 
and  1 890 ;  and  it  is  probable  that  the  increase  will  continue 
for  some  time  to  come.     Nor  can  there  be  any  doubt  that  such 
allotments  are  a  very  great  boon,  especially  to  rural  popula- 
tions.    Indeed,  the  fact  of  the  rapid  increase  in  their  number 
which  the  figures  indicate,  is  of  itself  sufiicient  evidence  of  the 
a])preciation  of  them  by  those  whose  position  they  are  intended 
to  improve.     It  is  another  matter,  however,  whether  the  san- 
guine anticipations  of  those  who  have  so  strongly  urged   the 
importance  of  providing  by  enactment  facilities  for  the  acquire- 
ment, not  only  of  allotments  but  of  small  holdings,  will   be 
realised.     As  every  year  sees  an  increasing  number  of  the  rural 
populations  flocking  into  our  towns  and  cities,  it  is,  perhaps, 
not  unnatural  that  the  urban  populations  should  ask  why  those 
who  have  been  bom  upon  the  land  should  not  be  able  to  earn  a 
living  upon  it.     It  will  probably  be  admitted,  on  all  hands,  that 
the  extension  of  the  garden  allotments  system  can  do  little  of 
itself  to  stem  the  exodus  of  the  populations  of  our  villages  and 
their  accumulation  in  our  towns.     But  it  seems  to  be  assumed 
that  if  existing  farmers  cannot  or  will  not  employ  more  men, 
the  proper  remedy  is  to  establish  small  farms  throughout  the 
country  by  the  aid  of  public  funds,  to  be  taken  up,  either  with 
a  view  to  eventual  ownership,  or  in  some  cases  as  tenants  only. 
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b^  labonrers  who  would  thus  be  rendered  independent  of  weekly 
wages,  or  by  others  who  would  thus  acquire  an  interest  in  the 
land,  and  so  have  an  inducement  to  remain  upon  it.  Such  a 
subject  is  obviously  one  of  great  national  importance,  and  it 
certainly  is  desirable  that  it  should  be  freely  and  fairly  discussed 
on  its  merits,  without  reference  to  party  politics. 


Number  and  Acreage  of  Small  Holdings  in 

Great  Britain. 

It  is  well  known  that  within  the  present  century  there  has 
been  a  great  reduction  in  the  number  both  of  owners  and  of 
occnpiers  of  farms  not  exceeding  50  acres  in  area,  such  as  it 
seems  to  be  the  object  of  the  promoters  of  the  Small  Holdings 
Act  of  1892  greatly  to  increase.  We  are  not  able  to  adduce 
comparative  statistics  for  different  periods,  showing  the  decline 
m  the  number  and  acreage  of  such  holdings.  Such  evidence  as 
is  at  command  seems  to  indicate  that  the  greatest  decline  was 
early  in  the  century,  and  that  it  gradually  lessened  towards  the 
middle.  It  would  appear,  however,  that  there  has  been  a  slight 
tendency  to  increase  from  about  the  commencement  of  the 
fourth  quarter  of  the  century  up  to  the  present  time.  Thus,  in 
Major  Graigie's  Report  on  the  Return  of  Allotments  and  Small 
Holdings  in  Great  Britain  obtained  for  the  Board  of  Agriculture 
by  the  Inland  Revenue  Department — and  issued  in  1890  (C. — 
6144) — he  gives  the  following  comparative  statement  of  the  total 
number  of  holdings  in  Great  Britain,  not  exceeding  50  acres, 
in  1875, 1880,  1885,  and  1889 : 


Year 

Small  holdings 

1875 
1880 
1886 
1889 

389,941 
391,429 
392,203 
409,422 

It  is  admitted  that,  as  a  rule,  the  later  returns  are  more 
correct  than  the  earlier ;  and  the  increase  shown  from  1875  to 
1880,  and  that  from  1880  to  1885,  are  so  small,  that  they  might 
^ell  be  explained  by  greater  e3cactitude  in  the  returns.  But 
the  increase  from  1885  to  1889  amounts  to  17,219,  or  to  more 
than  4  per  cent.,  and  this  seems  too  much  to  attribute  to  error 
^  the  earlier  record.  K,  however,  we  exclude  the  holdings  of 
1^  area  than  1  acre,  some  of  which  it  is  supposed  are  also 
indnded  in  the  Returns  of  Allotments,  the  increase  in  the 
nmnber  from  1  acre  to  50  acres  would  only  be  about  12,000 ; 


9  AUoimenta  and  Small  Holdmgs. 

more  than  two-thirds  of  which  wonld  only  range  firom  1  to  5 
acres  in  area. 

It  would  of  coarse  be  desirable,  were  it  possible,  accurately 
'to  compare  both  the  number  and  the  area  of  holdings  of  various 
sizes  at  different  periods,  going  back  much  earlier  than  the 
dates  referred  to  in  the  summary  given  above.  In  default  of 
reliable  data  of  this  kind,  it  will  nevertheless  be  of  interest  to 
direct  attention  to  the  returns  for  1885,  which  are  more  com- 
plete than  those  for  any  other  period.  Thus,  for  that  year, 
there  are  given — for  England,  Wales,  Scotland,  and  Great 
Britain  as  a  whole — ^the  actual  number,  the  proportional  number 
per  cent.,  the  acreage  or  aggregate  area,  and  the  average  size 
of  holdings,  fix)m  ^  to  1  acre,  from  1  to  5,  from  5  to  20,  from 
20  to  50,  from  50  to  100,  from  100  to  300,  from  300  to  500, 
from  500  to  1,000,  and  from  1,000  acres  upwards.  There  are  also 
given,  the  number  and  the  acreage  of  the  respective  holdings, 
which  are  wholly  permanent  pasture,  wholly  arable,  and  partly 
pasture  and  partly  arable.  Of  these  voluminous  records,^  Tables 
II,  m,  and  IV,  which  follow,  are  summaries ;  and  they  give 
the  various  particulars  for  holdings  from  1  acre  to  50  acres, 
and  above  50  acres,  respectively. 

It  will  be  observed  that  holdings  from  ^  to  1  acre  are  not 
included  in  the  results  given  in  the  Tables,  and  this  should  be 
borne  in  mind  in  reading  the  comments  thereon.  As  indicated 
above,  it  is  probable  that  some  of  the  holdings  from  ^  to  1  acre 
have  also  been  included  in  the  returns  of  allotments;  and 
although  the  number  of  these  smaller  holdings  is  not  imma- 
terial, the  area  is  quite  insignificant.  Thus,  in  Great  Britain 
the  number  of  such  holdings  is  23,512,  corresponding  to  about 
4^  per  cent,  of  the  whole ;  but  their  area  is  only  11,195  acres, 
corresponding  to  only  0*034  per  cent,  of  the  total  recorded  agri- 
cultural area.  It  should  be  further  borne  in  mind,  in  judging 
of  the  results,  that  a  considerable  number  of  the  recorded  hold- 
ings, and  especially  of  the  smaller  ones,  will  consist  of  areas 
attached  to  residences,  for  ornament  or  convenience,  rather 
than  as  a  means  of  livelihood  to  the  holder ;  also  of  areas  held 
by  persons  not  entirely  dependent  on  the  land  for  their  livelihood. 
Then,  again,  especially  in  Wales  and  in  Scotland,  there  is  a  not 
inconsiderable  amount  of  rough  or  hill  grazing  not  included  in 
the  returns  of  agricultural  area. 

The  upper  division  of  Table  II  shows  that  in  each  of  the 

^  Returns  of  the  namber  of  allotments  detached  from  and  attached  to 
cottages  and  of  agricultural  holdings  in  Great  Britain,  obtained  for  the  Agri- 
cultural Department,  Privy  Council  Office,  by  the  Inland  Revenae  Departoneiit 
(C— 4848),  1886. 
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Table  II. — Actual  Niiniber^  and  Per  Cent,  in  the  total  Number ; 
aggregate  Acreage,  and  Per  Cent,  in  the  total  Area  ;  also  average 
Size  of  HoldiiigSy  from,  1  to  50  Acres,  and  above  60  Acres, 
respectively, 

1885. 


Size  of  holding's 


England 


Wales 


Scuthiiid 


Great 
Britain 


A  dual  Numher  of  Holdin/j$. 


From  1  to  60  acres 
Above  50  acrts 

Total    . 


No. 
.  '     273,660 
120,221 


No. 
40,759 
18,348 


No. 
64,272 
2.>,083 


393,881         69,107 


79,855 


No. 
,SG8,691 
163,652 

532,343 


Per  cent,  in  total  Number  of  Holdings. 


^rom  1  to  50  acres 
Above  50  acres 

Total    . 


Per  cent. 
6948 
30-52 


10000 


Per  cent. 
68-96 
3 1  04 

10000 


Per  (.lilt. 
68-40 
31-60 


IVr  cent. 
'        69-26 
30-74 


10000 


10000 


Aggregate  Acreage  of  Holdimjs. 


^*roni  1  to  50  acres 
-A-bove  50  acres 

Total    . 


Acres 
3.548,569 
21,332,992 


24,881,551 


Acres 
655,183 
2,162,834 


2,818,017 


Acres 
667,289 
4,180,200 


4,847,489 


Acres 
4,871,031 
27,676,026 


32,547,067 


Per  cent,  in  total  Area. 


^J^in  1  to  50  acres 
"^^ve  50  acres 

Total    . 


Per  cent. 
14-26 
85-74 


100-00 


Per  cent. 
23-25 
76-75 


10000 


Per  cent. 
13-76 
86-24 


Per  cent. 
14-97 
85-03 


10000 


10000 


Average  Size  of  Holdings, 


■]^*^m  1  to  50  acres 
"^^ove  50  acres 


Average  of  all 


Acres 

16^ 

1171 


474 


--'^I'ee  divisions  of  Great  Britain  the  number  of  holdings  from 

^"re  to  50  acres  is  more  than  twice  as  great  as  that  of  those 

^^^ve  50  acres ;  indeed,  the  second  division  shows  that  not  far 

^*^Ort  of  70  per  cent,  of  the  total  number  of  holdings  range  from 

to  50  acres.     When  we  come   to  consider  the  question  of 
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aggregate  acreage,  however,  the  result  is  very  different.  The 
figures  in  the  third  and  fourth  divisions  of  the  Table  show  that 
the  aggregate  area  of  the  much  greater  number  of  the  smaller 
holdings  is  very  much  less  than  that  of  the  much  fewer  larger 
ones.  In  fact,  the  figures  for  Great  Britain  as  a  whole  show 
that  not  quite  15  per  cent,  of  the  total  returned  agricultural 
area  (excluding  holdings  under  1  acre)  is  devoted  to  holdings 
from  1  to  50  acres.  Wales,  with  its  very  small  total  agricultural 
area,  shows,  however,  more  than  23  per  cent,  comprised  in  the 
smaller  holdings ;  whilst  Scotland  with  its  larger,  and  England 
with  its  very  much  larger,  total  area,  show  an  average  of  only 
about  14  per  cent,  in  holdings  from  1  to  50  acres.  Again,  the 
bottom  division  of  the  table  shows  that  the  size  of  the  holdings 
in  Great  Britain  from  1  to  50  acres  averages  only  13|  acres, 
and  that  of  those  above  50  acres  a  little  over  169  acres,  whilst  the 
average  of  all  is  about  61  acres.  The  details  show  that  the 
average  size  of  the  smaller  and  of  the  larger  holdings  respec- 
tively, is  approximately  the  same  in  England,  Scotland,  and 
Great  Britain  as  a  whole ;  whilst  in  Wales  that  of  the  smaller 
is  greater,  and  that  of  the  larger  is  less,  than  in  the  other 
divisions  of  the  country.  Details  not  here  given  further  show 
that  more  than  two-fifths  of  the  total  agricultural  area  of  Great 
Britain  are  comprised  in  holdings  from  100  to  300  acres,  and 
nearly  three-fourths  in  those  from  50  to  500  acres. 

Table  III,  p.  11,  shows  the  number,  and  the  proportion,  of 
the  smaller  and  of  the  larger  holdings  respectively,  which  are 
wholly  permanent  pasture,  wholly  arable,  or  partly  permanent 
pasture  and  partly  arable. 

It  is  seen  that  of  the  total  number  of  holdings  from  1  to  50 
acres  in  England,  nearly  half  (48*2  per  cent.)  are  wholly 
permanent  pasture,  next  come  those  that  are  mixed  pasture 
and  arable  (35*63  per  cent.),  and  in  much  smaller  number  those 
that  are  arable  only  (16-17  per  cent.).  In  Wales,  as  would  be 
expected,  the  proportion  of  those  wholly  permanent  pasture  to 
those  wholly  arable  is  much  greater,  whilst  those  in  mixed 
pasture  and  arable  number  considerably  more  than  the  other 
two  put  together.  In  Scotland,  on  the  other  hand,  the  larger 
number  of  the  small  holdings  are  entirely  arable  (51*44  per 
cent.) ;  next  come  those  that  are  mixed  pasture  and  arable 
(39-43  per  cent.) ;  and  there  is  a  very  small  number  wholly 
permanent  pasture  (9*13  per  cent.).  Lastly,  in  Great  Britain 
as  a  whole,  of  the  total  number  of  the  smaller  holdings,  41*28 
per  cent,  are  in  permanent  pasture,  20-23  per  cent,  arable,  and 
38*49  per  cent,  in  mixed  pasture  and  arable. 

Next,  comparing  the  number  and  the  general  agricultural 
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conditions  of  the  holdings  above  50  acres  in  area,  it  is  seen 
that  in  England  nearly  89  per  cent,  of  the  whole  are  mixed 
permanent  pasture  and  arable ;  only  8*63  per  cent,  exclusively 
permanent  pasture,  and  only  2*41  per  cent,  exclusively  arable. 
In  Wales  those  in  mixed  permanent  pasture  and  arable  are  nearly 
95  per  cent,  of  the  whole,  those  exclusively  permanent  pasture 
constitute  scarcely  4  per  cent.,  and  those  exclusively  arable 
little  more  than  1  per  cent.  In  Scotland,  on  the  other  hand, 
only  55*34  per  cent,  of  the  total  number  are  mixed,  41*32  per 
cent,  are  exclusively  arable,  and  only  3*34  per  cent,  exclu- 
sively permanent  pasture.  In  Great  Britain  as  a  whole,  84*47 
per  cent,  of  the  total  number  of  the  larger  holdings  are  mixed 
permanent  pasture  and  arable,  7*30  per  cent,  exclusively  pasture, 
and  8*23  per  cent,  exclusively  arable. 

Lastly,  comparing  the  agricultural  conditions  of  the  holdings 
from  1  to  50  acres  with  those  above  50  acres,  as  shown  in  the 
last  four  columns  of  the  Table  (p.  11),  it  is  seen  that  in  each 
division  of  the  country  a  very  much  larger  proportion  of  the 
smaller  than  of  the  larger  holdings  is  either  exclusively  pasture 
or  exclusively  arable.  Indeed,  there  are  very  few  of  the  larger 
holdings  that  are  exclusively  either  the  one  or  the  other.  On 
the  other  hand,  among  the  holdings  that  are  mixed  permanent 
pasture  and  arable,  in  England  rather  more  than  half  the  total 
number  (52*31  per  cent.)  are  in  the  larger  holdings,  in  Wales 
less  than  half  (43*06  per  cent.),  and  in  Scotland  less  than  40 
(39*34)  per  cent,  are  in  the  larger  holdings;  and  in  Great 
Britain  collectively,  about  an  equal  number  (50*66  and  49*34  per 
cent.)  are  in  the  smaller  and  in  the  larger  holdings  respectively. 

The  next  Table  (IV),  p.  13,  which  compares,  not  the  number 
but  the  aggregate  area,  of  the  smaller  and  of  the  larger  holdings, 
in  permanent  pasture,  or  arable  land,  in  the  different  divisions  of 
the  country,  is  in  some  respects  of  more  interest. 

It  has  already  been  shown  in  Table  II,  that  in  England  and 
Scotland  about  14  per  cent.,  in  Wales  about  23  per  cent.,  and 
in  Great  Britain  about  15  per  cent.,  of  the  total  agricultural 
area  (excluding  holdings  under  1  acre)  are  devoted  to  holdings 
from  1  to  50  acres.  Table  IV,  now  under  consideration,  shows 
the  aggregate  area,  and  the  proportion  of  the  whole,  under 
permanent  pasture  and  arable  respectively,  in  the  smaller  and  in 
the  larger  holdings.  In  Great  Britain  as  a  whole,  of  the  about 
15  per  cent,  of  the  total  area  which  is  devoted  to  the  smaller 
holdings,  61*2  per  cent,  is  permanent  pasture  and  38*8  per  cent, 
arable.  Of  the  remaining,  about  85  per  cent,  of  the  total  area 
comprising  the  larger  holdings,  scarcely  44*8  per  cent,  is  per- 
manent pasture,  and  55*2  per  cent,  is  arable.     In  other  words, 
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14  Allotments  and  Small  Holdings. 

there  is  a  much  larger  proportion  of  permanent  pasture  than  of 
arable  land  in  the  smaller  holdings,  and  a  larger  proportion  of 
arable  than  of  permanent  pasture  in  the  larger  holdings. 

In  England  and  in  Wales  there  is  a  larger  proportion,  but 
in  Scotland  a  very  much  smaller  proportion,  of  the  total  area  of 
the  small  holdings  in  permanent  pasture  than  in  Great  Britain 
as  a  whole.  Of  the  total  area  of  the  larger  holdings,  on  the 
other  hand,  in  England  46*38  per  cent.,  in  Wales  66-9 percent., 
and  in  Scotland  only  25*32  per  cent.,  are  permanent  pasture ; 
and  it  is  remarkable  that  in  Scotland  the  proportion  of  pasture 
to  arable  is  almost  exactly  the  same  in  the  smaller  and  in  the 
larger  holdings. 

Again,  in  England,  of  the  total  area  under  permanent  pasture 
19*23  per  cent,  is  in  the  smaller,  and  80*77  in  the  larger  holdings ; 
and  of  the  total  arable  area,  only  9*44  per  cent,  is  in  the  smaller, 
and  90*56  per  cent,  in  the  larger  holdings.  In  Wales,  of  the 
total  area  under  permanent  pasture,  24*02  per  cent,  is  in  the 
smaller,  and  75*98  in  the  larger  holdings ;  and  of  the  total  arable 
area,  21*65  per  cent,  is  in  the  smaller,  and  78*35  per  cent,  in 
the  larger  holdings.  In  Scotland,  13*68  per  cent,  of  the  total 
permanent  pasture  area  is  in  the  smaller,  and  86*32  per  cent^ 
in  the  larger  holdings ;  and  of  the  total  arable  area  almost 
exactly  the  same  proportions  as  of  the  total  permanent  pasture, 
namely,  13*79  per  cent.,  is  in  the  smaller,  and  86*21  per  cent, 
in  the  larger  holdings.  Lastly,  in  Great  Britain  as  a  whole,  of 
the  total  pasture  area,  19*38  per  cent.,  or  nearly  one-fifth,  is  in 
the  smaller,  and  80*62  per  cent.,  or  more  than  four-fifths,  are  in 
the  larger  holdings ;  whilst,  of  the  total  arable  area,  only  about 
11  per  cent,  is  in  the  smaller  and  nearly  89  per  cent,  in  the 
larger  holdings.^ 

Upon  the  whole,  then,  excepting  in  Scotland,  a  very  much 
larger  proportion  of  the  area  of  the  smaller  holdings  is  perma- 
nent pasture  than  arable.  On  the  other  hand,  excepting  in  the 
small  total  area  comprised  in  Wales,  a  larger  proportion  of  the 
area  of  the  larger  holdings  is  arable  than  pennanent  pasture ; 
and  in  Scotland  this  is  pre-eminently  the  case  not  only  in  the 
larger  but  also  in  the  smaller  holdings  (see  footnote  to  Table 
IV,  p.  13). 

Such  is,  in  outline,  a  statistical  view  of  the  present  position 
of  allotments,  and  of  small  holdings,  in  the  country  generally. 
It  is  proposed,  in  the  next  place,  to  illustrate  the  working  of  the 

'  Details  not  given  in  the  Tables  show  that  of  the  total  number  of  368,691 
holdings  from  1  to  50  acres  in  Great  Britain,  only  8-1,149  have  an  area  of  from 
20  to  50  acres.  It  may  safely  be  concluded,  therefore,  that  considerably  less 
than  this  smaller  number  are  held  by  persons  depending  entirely  on  the  land 
for  their  livelihood.  It  may  further  be  observed  that  the  areas  from  20  to 
bO  acres  comprise  a  larger  proportion  of  arable  than  do  the  smaller  ones. 
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allotment  system,  by  reference  to  actual  experience  in  a  par- 
ticular case ;  and  then  to  consider,  from  an  agricultural  and 
economic  point  of  view,  what  conditions  seem  essential  to  the 
success  of  small  holdings,  and  whether  they  prevail  to  such  an 
extent  in  Great  Britain  as  to  justify  the  expectation  that  the 
establishment  of  large  numbers  of  them  throughout  the  country 
will  bring  about  the  beneficial  results,  and  especially  the  stem- 
ming of  the  migration  of  the  population  from  the  country  to  the 
towns,  which  seem  to  be  anticipated  by  those  who  advocate  a 
considerable  extension  of  them. 

The  Rothamsted  Allotments. 

It  is  now  about  forty  years  since  from  eight  to  ten  acres,  and 
a  few  years  later  about  an  equal  area,  were  set  apart  on  the 
Bothamsted  Estate  as  garden  allotments,  for  the  most  part  of 
one-eighth  of  an  acre  each ;  some,  however,  being  less  ;  the  whole 
^nmber  of  tenants  amounting  to  between  IGO  and  170.     In  the 
^idst  of  the  allotment  ground  a  club-house  was  built  for  the 
^embers,  where  they  could  have  their  beer  and  smoke  their 
P'pes  independently  of  the  public-house.     The  management  of 
^e  gardens  and  of  the  club  is  in  the  hands  of  a  committee  of 
^^elve  of  the  members,  who  are  elected  annually.  *    Many  of  these 
allotments  are  held  by  agricultural  and  other  labourers,  and  it 
^^  the  general  opinion  that  one-eighth  of  an  acre  is  quite  as 
^Hch  as  a  man  depending  on  weekly  wages  can  properly  cul- 
^^^ate.     In  fact,  whilst  no  demand  has  been  made  for  larger 
garden  allotments,  requests  have  occasionally  been  made  for 
^^aller  ones,  on  account  of  the  smallness  of  the  family,  or  the 
^S©  of  the  tenant. 

In   1883  nearly  9  acres,  and  in  1885  about  20  acres,  or 

^   all  nearly  29  acres,  were  devoted  to  allotments  in  another 

J^^i't  of  the  parish.     Of  these,  112  are  of  one-eighth  of  an  acre 

^^   less,  and  25  are  of  larger  area.     There  are  23  allotments 

T^^ging  from  a  quarter  of  an  acre  to  an  acre  and  a  half,  and 

-bese  are,  for  the  most  part,  held  by  persons  of  the  most  varied 

^^cnpations,  namely :   two  carpenters,  two  publicans,  a  black- 

^ith,  two  carters,  a  dealer,  a  butcher,  a  coal -dealer,  a  navvy, 

^  platelayer,  a  market  gardener,  a  groom  and  gardener,  a  pen- 

^^otier,  a  bricklayer,  a  shoemaker,  and  a  general  labourer.    There 

^"^  also  five  agricultural  labourers,  two  of  whom  have,  however, 

'^''^itied  with  others. 

In  1890,  a  notice  was  put  up  in  the  club-room  that  about 
acres  adjoining  the  original  garden  allotments  would  be  let 

'  See  Jour.  Roy.  Ag.  Soc.  Vol.  XIIL  (1877),  p.  387,  "  The  Rothamsted  Allot- 
**^«nt  Qub."    By  J.  Bennet  Lawes. 
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in  plots  of  one  acre  each,  at  the  ordinary  agricultural  rent  of  the 
land  ;  but  not  a  single  agricultural  labourer  became  an  applicant 
for  one  of  these  lots. 

Lastly,  in  the  present  year,  1892,  about  5  acres  more  have 
been  added ;  and  they  have  been  divided  into  two  allotments  of 
1  acre  each,  11  of  |^  of  an  acre,  6  between  ^  and  y^^,  and  14  of 
^  of  an  acre.  The  two  1-acre  plots  are  respectively  occupied  by 
a  blacksmith  and  a  carpenter;  and  of  the  remaining  31  of  ^  of 
an  acre  or  less,  only  three  by  agricultural  labourers,  the  remainder 
being  held  by  persons  of  very  various  occupations.  It  may  be 
said  that  the  demand  for  mere  garden  allotments  is  for  the  present 
satisfied ;  but  there  still  remains  a  desire  for  more  l-acre  plots. 

Of  the  total  number  of  334  allotments,  about  300  are 
garden  allotments  of  one-eighth  of  an  acre  or  less,  and  it  is 
among  the  tenants  of  these  that  almost  the  whole  of  the  agri- 
cultural labourers  are  to  be  found ;  whilst  the  majority  of  the 
holders  of  the  larger  allotments  are  persons  whose  earnings  and 
general  position  are  much  above  those  of  the  labourer,  some  of 
them  owning  the  houses  in  which  they  live,  and  having  horses 
or  other  live-stock. 

The  general  result  is  then,  that,  with  the  soil  and  climate 
such  as  they  are  in  this  locality,  the  demand  for  anything  more 
than  garden  allotments  has  not  come  from  those  engaged  in 
agricultural  pursuits.  The  problem  of  the  advancement  of  the 
agricultural  labourer  by  giving  him  a  more  direct  interest  in  the 
land  he  cultivates  is,  therefore,  in  no  way  advanced  towards  a 
solution  by  the  facts  above  stated.  Long  before  the  cry  of 
'*  Three  acres  and  a  cow  "  was  invented,  the  possibility  or  desira- 
bility of  furnishing  the  labourer  with  the  means  of  keeping  a 
cow  was  carefully  considered  at  Rothamsted ;  but  the  idea  was 
eventually  abandoned,  as  it  was  thought  that  the  soil  and  climate 
were  not  suflSciently  suitable  for  pasture,  especially  in  dry 
summers ;  and  that,  under  such  circumstances,  the  keep  of  a 
cow  would  be  very  expensive. 

Conditions  Essential  to  the  Success  c*  Small  Holdings. 

It  is  one  thing  to  provide  the  agricultural  labourer  with 
suflBcient  garden  ground  to  occupy  his  spare  time,  and  provide 
his  family  with  vegetables,  or  to  provide  the  small  tradesman 
of  more  spare  means  and  time,  and  who  does  not  derive 
his  livelihood  from  the  land,  with  a  somewhat  larger  area  to 
enable  him  to  add  a  little  to  his  income  ;  and  it  is  quite  another 
to  establish  tenants  or  proprietors  of  small  holdings,  who  are 
supposed  not  to  receive  wages,  or  to  have  other  occupations,  but 
to  derive  the  whole  of  their  livelihood  from  the  land.      It  is 
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alleged,  however,  that  with  such  a  system  there  would  be  created 
an  incentive  to  the  rural  populations  to  remain  on  the  land, 
instead  of  migrating  to  the  towns,  or  emigrating  to  our  colonies 
or  elsewhere. 

It  happens  that   for  many  years  past  there  has  been  an 
excellent  school  in  our  village,  with  the  result  that  many  of  the 
sons  of  the  labourers  look  with  contempt  at  the  occupation  of 
their  fathers.     They  easily  obtain  much  better  wages  on  the 
railways  or  in  the  towns  than  they  can  get  on  the  land ;  and, 
as  a  rule,  they  succeed  exceedingly  well  if  they  are  moderately 
intelligent,  and  also  industrious  and  steady.     It  seems  to  be  as- 
sumed, however,  especially  by  those  not  acquainted  with  practical 
agriculture,  that  if  a  sufficient  quantity  of  land  can  be  obtained 
at  a  moderate  price,  and  small  farms  established  on  it,  the  flow 
of  the  rural  populations  into  the  towns  will  be  arrested ;  and 
some,  indeed,  are  so  sanguine  in  the  matter,  that  they  think  it  is 
desirable  that  the  land  should  be  taken  compulsorily,  in  order  to 
secure  so  important  a  result.     It  is  not  without  interest,  there- 
fore, to  consider  what  are  the  probabilities  that  the  nation,  or 
the  ratepayers,  would  obtain  an  adequate  return  in  the  shape  of 
interest,  if  land  were  acquired  at  its  ordinary  agricultural  value 
and  devoted  to  such  a  purpose. 

There  is  some  fairly  good  agricultural  land  in  this  parish 
(Harpenden),  which  might,  perhaps,  be  obtained  at  the   rate 
^f  30/.  per  acre.     Opinions  may  differ  as  to  how  many  acres 
yould  be  required  to  support  a  man,  his  wife,  and  family  ;  but 
^  we  assume  the  land  to  be  arable,  and  that  ordinary  farm  crops 
^re  to  be  grown  upon  it,  it  is  probable  that,  with  the  very  low 
^leable  value  of  grain,  not  less  than  forty  or  fifty  acres  would 
P^  required  to  enable  the  holder  and  his  family  to  make  a  living 
^^  this  way.     The  purchase  money  of,  say,  fifty  acres,  at  30J. 
P^i*  acre,  would  be  1,500Z.     A  house,  stable  for  two  horses,  cow- 
house, some  open  shedding,  a  yard  walled  in,  all  the  necessary 
'Oads  and  fencing,  and,  by  way  of  equipment  of  the  farm,  a  pair 
^f  horses,  one  or  two  cows,  a  few  sheep  and  pigs,  and  the  neces- 
^x^  implements,  would  together  not  cost  less  than  700Z.  or 
^OOL     So  far,  then,  the  outlay  would  probably  be  about  2,250Z. 
When  a  man  is  set  up  in  a  shop  he  begins  at  once  to  earn  a 
*^ving,  but  not  so  the  farmer.     Supposing  he  enters  upon  his 
*^iin  at  Michaelmas,  he  must  have  the  means  of  living,  keeping 
^ia  stock,  and  paying  any  other  expenses,  until  nearly  the  next 
-^^tichaelmas ;  and  for  this  at  least  IZ.  155.  per  week  must  be 
^owed,  making  altogether  911.     Further,  for  the  same  reason, 
^at  there  would  be  little  or  no  produce  to  sell  during  the  first 
y^ar,  anything  in  the  shape  of  interest  or  annual  instalment, 
^liich  can  hardly  be  put  down  at  less  than  20«.  per  acre,  as 
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well  as  tithe  rent-charge  and  rates,  at,  say,  88.  per  acre,  making 
together  70/.,  would  probably  have  to  be  placed  to  capital  ac- 
count, which,  for  the  first  year,  would  therefore  stand  at  2,41  IZJ 

According  to  the  provisions  of  the  Small  Holdings  Act 
(1892),  the  money  required  will  not  be  available  at  lower 
interest  than  3  J  per  cent.  At  this  rate  the  interest  on  the 
above  sum  would  amount  to  rather  over  75i.  per  annum.  This 
amount  would  certainly  rather  heavily  handicap  the  small 
farmer.  Nor  does  the  transaction  promise  to  be  a  very  satis- 
factory one  for  the  ratepayers,  who  will  be  responsible  for  the 
money  in  the  last  resort.  Then,  on  the  assumption  that  the 
tenant  is  to  become  the  owner,  there  will  be  a  further  annual 
charge  beyond  that  of  mere  rent,  for  a  shorter  or  longer  period 
of  years,  according  to  the  amount  which  he  is  able  to .  pay  ofi 
independently  in  the  meantime. 

Such,  then,  are  some  of  the  difficulties  which  will  have  to 
be  encountered  in  any  attempt  to  create  a  class  of  tenants,  or  of 
owners,  of  small  farms.  The  foregoing  calculations  have,  how- 
ever, reference  only  to  the  establishment  of  small  arable,  or  what 
may  be  termed  rotation,  or  grain  and  meat  farms ;  and  when  we 
consider  that,  comparing  the  first  five  of  the  last  twenty-five  years 
(1867-1891),  with  the  last  five,  the  average  price  of  wheat  per 
quarter  has  gone  down  from  hQs,  to  32^.  7^Z.,  that  of  barley  from 
38.S.  8cZ.  to  21s,  2<i.,  and  that  of  oats  from  25*.  8d.  to  17s.  lOd., 
the  prospect  is  not  very  promising  for  the  small  farmer,  who  will 
have  to  produce  his  grain,  not  only  in  competition  with  foreign 
countries,  but  with  the  farmers  of  his  own  country  who  hold 
land  enough  to  take  full  advantage  of  all  labour-saving  appli- 
ances. He  will  also  have  to  compete  in  his  own  markets  with 
the  foreign  produce  of  meat,  the  imports  of  which,  live  and  dead, 
have  enormously  increased  in  recent  years. 

Whilst,  then,  the  outlook  for  the  small  grain  and  meat 
farmer  must  be  considered  very  discouraging,  the  question  still 
remains,  whether  small  tenancies  or  small  holdings  would  not 
be  of  advantage,  both  to  those  who  cultivate  them  and  to  the 
nation  at  large,  if  the  land  were  devoted  mainly  to  the  produc- 
tion of  milk,  butter,  and  cheese,  poultry  and  eggs,  vegetables 
and  fruit.  In  favour  of  such  a  system  it  is  pointed  out  how 
large  is  the  annual  value  of  our  imports  of  such  smaller  articles 


*  With  reference  to  the  above  estimate  of  probable  cost,  the  foUowing 
statement,  which  was  lately  published,  may  be  quoted  :  "  A  Freehold  Farm 
in  the  parish  of  Whaplode,  belonging  to  Mr.  Robert  Coupland,  comprising  a 
small  farmhouse,  with  barn  and  bullock  hovel  and  four  pieces  of  excellent 
arable  land  adjoininof,  containing  altogether  63  acres  0  roods  38  poles  (more 
or  less),  has  been  sold  for  2,390/.  to  Dr.  Cotton,  of  London." 
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Potatoes 

OdIods  . 

Other  vegetables 

Apples 

Other  raw  fruit 


of  production.   Thus,  the  value  of  the  following  arti(  les  imported 

into  the  United  Kingdom  in  1890  was — 

c 
Poultry  and  game         ....         497,857 

Eggs 3,428,806 

Butter 10,598,848 

Cheese 4,975,134 

£19,600,645 

714,257 
724,020 
773,590 
786,072 
1,806,811 

£4,804,760 
£19,500,646 

£24,305,305 

In  1890,  therefore,  the  value  of  the  imports  into  the  United 
Kingdom,  of  poultry  and  game,  eggs,  butter,  and  cheese,  was 
19,500,645i.,  and  that  of  vegetables  and  fruit  was  4,804,750^., 
taking  together  about  24^  million  pounds. 

It  is  sometimes  said  that  all  these  at  any  rate,  if  not  all  the 
?i^in  and  meat  required  for  consumption,  should  be  produced  at 
^ome.     In  reference  to  the  argument  that  we  should  produce 
^ore  of  the  staple  agricultural  products  also,  it  is  to  be  borne  in 
^^lind  that  we  do  at  present  produce  more  per  acre  of  both  wheat 
^^d  barley  than  any  other  country ;  more   of  oats   than  any 
^-^cepting  one  or  two  of  comparatively  small  area  under  the 
^^p  ;  also  more  of  potatoes,  and  a  greater  weight  of  live-stock 
^i*  a  given  area,  than  any  other  country  the  statistics  of  whose 
P^XKiuction  are  known.     If,  under  our  existing  system  of  agri- 
culture, we  accomplish  this,  it  is  natural  to  suppose  that  there 
^^  Something  in  our  soil  and  climate,  as  well  as  in  the  habits  of 
**ie  people,  compared  with  those  of  the  countries  supplying  us 
^ith  so  much  of  the  smaller  articles  above  referred  to,  to  account 
^or  the  fact  that  they  are  able  to  compete  with  us  in  our  own 
Markets  in  the  supply  of  those  productions.     In  most,  if  not  in 
^U  continental  countries,  the  success  of  small  holdings  depends 
^^t^  materially  on  whether  or  not  the  soil  and  the  climate  are 
^^ited  for  the   production   of  what  may  be  called   industrial 
^^^ps,  such  as  tobacco,  hops,  sugar-beet,  colza,  flax,  hemp,  and 
grapes,  also  other  fruit  and  vegetables.     Where  these  condi- 
^ons  do  not  exist,  and  ordinary  rotation  crops  are  relied  upon, 
^i^d  especially  where,  with  this,  the  land  is  much  subdivided, 
^ht!  condition  of  the  cultivators  is  such  as  would  not  be  tolerated 
1^  this  country. 

Belgium  is  firequently  quoted  as  a  model  for  ourselves  in  the 
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matter  of  small  holdings,  and  the  production  of  the  smallei 
articles  of  comparatively  high  value.  Belgium  and  Englanc 
are,  indeed,  in  some  particulars,  well  suited  for  comparison,  bui 
in  others  for  contrast  rather  than  comparison.  Thus,  Belgian 
and  England  have  each  a  much  greater  population  for  a  giver 
cultivated  area  than  any  other  European  country ;  and  th< 
number  is  very  nearly  the  same  for  a  given  area  in  the  tw( 
countries.  But,  whilst  England  produces  more  grain,  more 
potatoes,  and  a  greater  weight  of  live-stock,  per  acre,  thai 
Belgium,  Belgium,  on  the  other  hand,  gives  a  greater  proportioi 
of  dairy  produce,  poultry  and  eggs,  and  fruit  and  vegetables 
and  small  holdings  are  very  characteristic  of  the  portions  of  th( 
country  yielding  these  results.  By  far  the  greater  number  o: 
the  small  holdings  are  in  the  light  land  districts,  and  in  those 
districts  the  cultivators  are,  as  a  rule,  not  the  proprietors.  Then 
are,  however,  some  small  farms  in  the  heavier  land  districts,  anc 
here  the  cultivators  are  frequently  the  owners  also.  It  h 
admitted  that  the  larger  farms  yield  a  greater  produce  per  acn 
of  ordinary  farm  crops  and  stock  than  the  smaller  ones. 

Owing  to  the  peculiarities  of  the  soil  and  climate,  especially 
of  the  great  light  land  district  where  the  small  holdings  prevail 
a  very  characteristic  practice  is  the  growth  of  two  crops  in  one 
year.  Thus,  with  a  light  soil,  high  summer  temperature,  lonj 
days,  and  an  open  autumn,  the  growth  of  what  we  call  ''  catcl 
crops  "  is  a  very  prominent  feature.  Under  these  conditions  the 
harvest  is  early,  and,  after  the  removal  of  the  grain,  a  catch  croj 
can  be  taken.  After  rye,  turnips  are  almost  invariably  taken 
turnips  or  spurrey  after  other  corn  crops,  or  carrots  are  sown  ii 
the  wheat  or  flax.  Indeed,  it  is  stated  that,  owing  to  the  adap 
tation  of  soil  and  climate,  one-eighth  of  the  whole  of  the  cnlti 
vated  land  grows  two  crops  a  year.  It  is  fully  recognised  ii 
Belgium  by  those  officially  acquainted  with  the  subject,  that  th< 
success  of  the  small  holdings  depends  very  much  on  the  facts,— 
that  the  soil  is  easily  worked,  that  the  soil  and  climate  are  sucl 
as  to  favour  the  practice  of  (jatch  cropping,  and  that  they  are  alse 
favourable  for  the  production  of  industrial  crops,  dairy  produe» 
poultry  and  eggs,  fruit  and  vegetables ;  whilst  the  dense  popu 
lation  generally,  and  the  large- number  of  towns,  afford  convenien 
markets  for  the  produce,  and  for  the  return  of  town  manures. 

Of  course,  catch  crops  are  not  unknown  in  our  own  country 
but  it  is  only  in  some  of  our  earliest  districts  that  they  could  be 
relied  upon.  This  fact  is  of  itself  evidence  of  a  very  materia 
difference  in  the  mutual  relations  of  soil  and  climate  in  Great 
Britain  and  in  the  small  holding  districts  of  Belgium ;  anc 
this  difference  would  be  very  materially  to  the  disadvantage 
of  Great   Britain  in  competition,  not  only  with  Belgium,  but 
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with  odier  oonntries,  in  the  production  of  some  of  the  smaller 
articles  of  high  value  which  have  been  referred  to. 

In  illostration  of  some  of  the  characteristics  of  the  farming 

of  small  holdings  under  suitable  conditions,  some  facts  may  be 

given  from  a  Report  published  in  the  Journal   of  the   Boyal 

Agricultural  Society,^  of  a  journey  undertaken  at  the  request  of 

the  Council  of  the  Society,  by  tiie  late  Dr.  Voelcker  and  Mr. 

Jenkms,  the  late  secretary,  to  study  the  agriculture  of  Belgium. 

In  the  course  of  their  description  of  a  successful  farm  of  ten 

acres,  supporting  three  or  four  persons,  they  quote  from  the 

accounts  of  one  year,  which  showed  that  besides  wheat,  dairy 

and  garden  produce,  &c.,  an  acre  of  colza  sold  for  21Z.  10«.,  a 

tenth  of  an  acre  of  flax  for  5Z.  (equal  to  50Z.  per  acre),  and  a 

quarter  of  an  acre  of  tobacco  for  16Z.  (equal  to  64i.  per  acre). 

It  will  be  observed  that  two  out  of  the  three  of  these   are 

industrial  crops,  upon  which  much  labour  is  expended  after  they 

*re  removed  from  the  land. 

Then,   as   examples   of  small   holdings  in   France,  Consul 

-Pauncefote,  referring  to  the  district  of  Nantes,  says  that  the 

position  of  peasant  proprietors  is  a  miserable  one,  and  that  the 

system  of  peasant  proprietorship  is  not  a  good  one  for  getting 

Wie  value  out  of  the  land,  and,  except  under  special  circum- 

^tences,  is  a  very  bad  one  for  the  proprietor  himself  from  the 

point  of  view  of  worldly  prosperity.     He  says  : 

"  This  class  never  did  and  never  can  live  by  farming  as  we  understand  it 

^  CfDglAnd,  and  the  mistake  of  supposiug  that  they  were  doing  so  has  arisen 

^om  ^e  circumstance  that  a  large  population  certainly  was  supported  for 

^^'atij  years  on  small  patches  of  land ;  but  they  were  manufacturers  of  wine 

^iHi  brandy,  not  farmers.    A  man  saved  up  money  and  bought  a  piece  of 

S^und  planted  with  vines,  and  employed  his  labour  and  that  of  his  family 

^  the  threefold  occupation  of  caring  for  them,  making  wine,  and  distilling 

piUndy ;  and  it  was  the  profit  from  these  three  operations,  two  of  which  are 

J^^ustrial,  not  agricultural,  which  enabled  him  to  make  a  living.    The  vines 

^^Ve  failed,  and  the  towns  are  filled  with  those  peasant  proprietors  looking 

^^  work,  who,  instead  of  having  been  kept  in  the  country  by  making  them 

^"^^ers,  have  been  ruined  by  it,  and  prefer  anything  else  to  going  back  to  it. 

^iHl  not  only  have  these  people  been  ruined  themselves,  but  as  most  of  them 

ae  owners  through  the  facilities  offered  by  some  of  the  great  financial 

ties  in  Paris,  these  establishments  have  si^ered  great  losses.'' 


Again,  the  British   Consul-General  at   Havre,  in  his  last 

^^I>ort,  says : 

*'  The  farms  are  what  would  be  called  in  England  quite  small,  and  the 

^Hants  or  owners,  as  the  case  may  be,  work  excessively  hard  on  them.  I  think 

^%ir  faces  would  be  a  study  were  thev  to  be  told  that  they  were  not  to  work 

^^re  than  eight  hours  a  day  on  the  land.  The  great  advantage  the  small  owner 

^  proprietor  has  in  France  is  in  the  difference  of  climate  which  favours  the 

Si]owtn,  &C.,  of  various  articles  and  small  products  which  do  not  do  so  well 

^th  ns,  and  sufficient  allowance  is  not  made  for  this  when  comparison  is 

»  Vol.  VI.  (1870),  pp.  1-86. 
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drawn  between  the  two  countries,  France  and  England,  and  their  respectiTe 
Bystems.'' 

There  are,  however,  exceptions  to  such  conditions ;  as,  for 
example,  in  the  Beet-root  sugar  districts  of  France,  chiefly  in  the 
north.  There  are  there  hundreds  of  thousands  of  acres  of  sugar- 
beet,  largely  grown  by  the  small  farmers,  who  are  materially 
aided  in  working  capital,  and  consequently  in  the  production 
and  use  of  manure,  by  their  connection  with  the  sugar  industry ; 
and  one  result  of  this  is  that  they,  as  a  rule,  produce  very  much 
greater  crops  of  wheat  than  the  average  of  the  country  at  large ; 
indeed,  on  the  average,  only  a  few  bushels  less  than  the  yield  of 
the  United  Kingdom.  But  it  must  not  be  forgotten  that  these 
results  have  been  obtained  under  the  influence  of  bounties  on 
sugar,  and  a  price  of  wheat  artificially  raised  by  import  duties. 

If,  however,  small  holdings  are  to  be  established  to  any 
considerable  extent  in  Great  Britain,  there  can  be  no  doubt  that 
success  must  be  looked  for,  not  in  ordinary  rotation  farming, 
but  in  an  extension  of  dairy-farming  where  the  soil  and  climate 
are  suitable,  in  an  increased  production  of  poultry  and  eggs, 
and  also,  where  the  soil  and  climate  are  suitable,  on  what  is  in 
reality  market  gardening  rather  than  agriculture.  So  far  as 
fruit  and  vegetables  are  concerned,  however,  it  is  to  be  borne 
in  mind  that  the  high  value  of  the  imports  of  these  articles 
depends  largely  on  earliness  and  quality,  in  which  particulars 
it  is  only  in  a  few  limited  districts  that  we  could  hope  success- 
fully to  compete  with  the  countries  which  now  supply  us  with 
so  much  of  such  produce. 

Nor  can  there  be  any  doubt  that,  so  far  as  land  had  to  be 
acquired  for  such  purposes  as  these,  as  distinguished  from 
ordinary  agriculture,  such  land  would,  both  from  its  locality  and 
its  quality,  command  a  much  higher  value  in  the  market  than 
has  been  assumed  in  the  illustration  of  the  requirements  of  a 
farm  of  fifty  acres  devoted  to  the  ordinary  agriculture  of  the 
district  in  which  it  is  situated.  On  the  other  hand,  a  smaller 
area  would,  if  the  soil  and  climate  were  suitable,  be  sufficient  to 
support  the  holder  and  his  family ;  but,  at  the  same  time,  the 
outlay  per  acre  would  be  considerably  greater.  Upon  the  whole, 
therefore,  although  there  is  certainly  much  more  promise  in  this 
direction  than  in  the  case  of  small  farms  devoted  to  ordinary 
rotation  crops,  it  is  pretty  certain  that  it  would  only  be  nnder 
local  circumstances  as  to  soil,  climate,  and  markets,  specially 
suited  to  the  production  and  sale  of  some  or  all  of  the  smaller 
articles  which  have  been  enumerated,  that  the  small  cultivator 
could  hope  to  compete  with  those  who  now  supply  us  with  so 
much  of  them. 

It  follows,  from  the  facts  adduced,  that  there  is  little  hope 
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system  of  small  holdings  can  ever  be  carried  out  in  this 
ry  to  anything  like  the  extent  which  experience  has  shown 
practicable  in  the  countries  that  are  so  frequently  held  up 

as  models  by  those  unacquainted  with  the  conditions 
ial  to  success,  or  even  with  practical  agriculture  at  all. 
i,  no  one  who  looks  carefully  into  the  facts  of  the  subject, 

is  pre-eminently  a  practical  one,  can  entertain  any 
that  the  system  of  small  holdings  can  be  carried  out  to 
ich  extent  as  to  counteract  at  all  materially  the  flow  of 
dng  rural  populations  into  the  towns. 


General  Considerations  and  Conclusions. 

lere  can  be  no  doubt  that  free  trade  in  com  and  other 
iaries  of  life  has  contributed  immensely  to  the  prosperity 

country  at  large,  and  of  the  urban  populations  especially ; 
h  the  rural  populations  have  also  benefited  much  from  the 
ening  of  their  staple  foods.  But  one  of  the  inevitable 
juences  of  greatly  increased  imports,  and  reduction  in 
has  been  to  reduce  the  area  under  grain  crops,  and  there- 
le  area  under  the  plough,  in  our  own  country ;  a  necessaiy 

of  which  is,  to  reduce  the  labour  requii-ed  to  a  given  area, 
0  naturally  to  reduce  the  rural  population.  Nor  is  it 
reasonable  for  the  urban  populations  to  complain,  if  an 
idable  result  of  the  competition  with  foreign  gi*ain  pro- 
j,  and  the  consequent  reduction  in  price,  chiefly  in  their 
st,  has  been  a  less  requii'ement  for  rural  labour,  which, 
ler  with  a  rapidly  increasing  population,  has  led  many  to 
bhe  country,  and  either  to  go  into  the  towns  or  to  emigrate. 

seems,  however,  to  be  assumed,  in  the  arguments  laid 

the  non-agricultural  public,  that  we  should  produce  at 
not  only  all  the  smaller  articles  of  higher  value  which 
)een  referred  to,  but  even  all  the  grain  required,  if  not 
.he  meat  also.  Such  an  argument  is  too  absurd  to  deserve 
3  refutation ;  but  it  may  be  well  to  state  some  of  the 
}  which  such  a  supposition  would  involve, 
iefly  stated,  the  facts  are,  that  notwithstanding  all  the 
ation  that  has  so  far  taken  place,  the  population  of  the 
i  Kingdom  has  increased  by  more  than  10,000,000,  cone- 
ing  to  nearly  40  per  cent.,  during  the  last  forty  years  (1851 
H).  Under  the  influence  of  free  trade  in  grain,  so  essential 
3  prosperity  of  the  country  in  other  respects,  the  area  under 

has,  comparing  the  first  four  with  the  last  four  of  the  last 
larvest-years  (1852-3  to  1891-2),  been  reduced  by  about 
:  cent.,  and  the  total  home  produce  of  the  crop  has  declined 
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in  nearly  the  same  proportion.     The  imports  of  this  staple  arfc: 
of  food  of  the  people  have,  on  the  other  hand,  increased  by  al 
300  per  cent. ;  with  a  result  that,  whilst  during  the  earlier  yt 
of  the  period  only  about  one-fourth  of  the  wheat  consumed 
imported,  in  the  later  yeara  more  than  two-thirds  have  ix 
obtained  from  foreign  sources.     Lastly,  a  very  important 
sideration  for  the  home  producer  has  been,  that  the  pri< 
wheat  per  quarter  has  gone  down  from  an  average  of  57^. 
over  the  first  eight  of  the  last  forty  harvest-years  to  only  32«. 
over  the  last  eight  years,  corresponding  to  a  decline  of  44 
cent.    It  may  be  added  that  the  average  price  for  the  month  j 
past  (August,  1892)  was  below  SOs.  per  quarter. 

Further,  as  a  natural  result  of  increased  foreign  comp< 
tion,  and   reduction  in  price,  our  own  area  under  barley 
also  somewhat  diminished.     A  result  of  the  reduction  of  g-x'^-"" 
area   is  that,  comparing  the  first  five  of  the  last  twenty-: 
years  (the  period  for  which  official  returns  are  available) 
the  last  five,  our  total  arable  area   has  diminished   by  al 
2f  million  acres,  though  that  of  permanent  grass  has  in  a  nx' 
greater  degree  increased,  and  with  this  our  live-stock  has  "^' 

creased,   and   the   total   agricultural  area  has   also   increas-  — ^^* 
According  to  the  returns,  the  area  under  permanent  grass 
increased  by  nearly  4§  million  acres,  and  that  of  the  total  &] 
cultural  area  by  nearly  2  million  acres ;  or,  to  put  it  in  anol 
way,  the  arable  area  has  diminished  by  more  than  11  per 
the  area  under  permanent  grass  has  increased  by  more  t- 
20  per  cent.,  and  that  of  the  total  agricultural  area  has  increa*^ 
by  more  than  4  per  cent.    But,  at  any  rate  so  far  as  the  incr^« 
in  permanent  grass,  and  that  in  total  agricultural  area,  are  (?< 
cemed,  the    figures  are  probably  too  high,  part  of  the  re^' 
being  doubtless  due  to  the  inclusion  in  later  yeai*s  of  areas 
previously  returned  as  permanent  grass. 

It  may  be  observed  that  a  series  of  unproductive  seasons,  :J^ 
only  in  our  own  country  but  in  Western  Europe  generally,  wh:^ 
culminated  in  1879,  but  continued  for  some  years  later,  led 
more  rapid  reduction  in  our  own  area  under  the  crop,  and 
currently  to  the  opening  up  of  large  wheat-growing  area^ 
various  parts  of  the  world,  and  at  the  same  time  to  greatly 
creased  imports.     But,  owing  to  the  great  reduction  in  pi 
consequent  on  the  increased  production  in  various  countrL* 
the    rate   of    extension    of    the   wheat-growing    areas,    esg^ 
cially  in  the  United  States,  received  some  check  about  eight 
ten  years  ago. 

It  has,  indeed,  l^een  estimated,  judging  from  the  in( 
of  the  population   in  the  United   States  in  the  past,  that  t 
Central,  Northern,   and  Western  States,  from  which  we  n< 
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ire  snch  large  supplies  of  grain,  will,  before  many  years  have 
sad,  be  as  densely  populated  as  the  Eastern  States  are  now,  and 
t  then  the  export  of  grain  will  be  rapidly  diminished.  In 
5  calculation,  however,  the  essential  difference  in  the  charact>er 
he  land  in  the  Eastern  States  and  in  the  prairie  districts  of  the 
itral,  Northern,  and  Western  States,  is  not  taken  into  account, 
present  our  imports  come  chiefly  from  large  areas  of  formerly 
irie  land,  often  as  rich  as  a  ploughed-up  old  pasture  in  our  own 
utry,  and  sometimes  so  to  the  depth  of  some  feet.  The  land 
>nly  skimmed,  practically  no  labour  is  bestowed  on  cleaning, 
L  a  very  small  produce  of  grain  per  acre  is  obtained  compared 
h  that  which  such  land  properly  cultivated  should  yield.  So 
g  as  the  population  is  sparse,  the  grain  is  hai*vested,  the  straw 
lerally  burnt,  and  the  manure  of  the  working  stock  sometimes 
ited  away  on  the  ice  in  the  rivers  or  othei'wise  wasted,  and  grain 
jrown  for  several  years  in  succession.  As  population  becomes 
re  dense,  however,  local  markets  will  arise  for  rotation  products, 
ck  will  be  kept,  the  straw  and  the  manure  will  be  utilised, 
tivation  will  be  improved,  and  there  will  for  some  time  be 
•re  rich  prairie  land  to  bring  under  the  plough  ;  so  that  it  is 
>bable  that  it  will  be  long  before  increased  density  of  popula- 
n  in  those  States  will  materially  diminish  the  capability  of 
eduction  for  export.  The  same  may  be  said  of  Canada  in  a 
s  degree ;  whilst  the  resources  of  the  rest  of  the  world,  taken 
a  whole,  show  no  signs  of  diminution. 

There  can,  in  fact,  be  little  hope  that,  with  the  greatly 
creased  foreign  competition  that  has  been  so  thoroughly 
;ablished,  our  own  wheat-growing  area  will  ever  regain  its 
iner  proportions  ;  unless,  indeed,  it  should  happen,  from  un- 
•^eseen  causes,  that  the  price  were  to  range  much  higher  than 
%t  which  has  prevailed  in  recent  years.  But  to  produce  the 
lole  of  the  wheat  we  require  for  consumption  would  involve 
/astly  larger  extension  of  our  own  wheat-growing  area  than 
LS.  Thus,  the  area  under  wheat  in  the  United  Kingdom 
ring  the  last  eight  years  has  averaged  rather  less  than  one- 
jhth  of  the  total  arable  area,  and  to  produce  all  the  wheat 
jnired  for  consumption,  more  than  one-third  of  our  exist- 
5  arable  area  would  be  required ;  or,  if  the  area  devoted  to 
aer  rotation  crops  were  to  continue  to  bear  about  the  same 
lation  to  that  under  wheat  as  in  recent  years,  the  total  arable  area 
)uld  have  to  be  increased  nearly  three-fold,  making  in  all  much 
jre  than  our  present  total  arable  and  permanent  grass  areas  put 
^ther  !  Or,  if  the  wheat  were  to  be  grown  on  a  larger  pro- 
>rtion  of  the  existing  arable  area,  it  could  obviously  only  be  by 
e  exclusion  of  the  growth  of  other  grain  crops  and  stock  foods, 
lich  would  then  in  their  turn  have  to  be  imported  in  larger 
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quantities ;  or  our  stock  must  be  reduced,  and  our  imports  of 
live  animals  and  meat  very  much  increased. 

The  above  considerations  clearly  show  the  absurdity  of  the 
supposition  that,  even  with  our  present  population,  to  say 
nothing  of  continued  increase,  and  with  proportionally  very 
little  possible  increase  in  our  own  total  food-producing  area, 
there  is  any  hope  that  our  imports,  at  any  rate  of  staple  articles 
of  food,  can  be  at  all  materially  reduced.  Indeed,  when  it  is 
considered  how  rapidly  the  population  and  the  requirements  for 
its  maintenance  increase,  whilst  the  aggregate  home  production 
(though  the  produce  per  acre  is  greater  than  in  any  other  country 
in  the  world)  can  increase  but  little,  there  can  be  no  hesitation 
in  deciding  that,  in  spite  of  whatever  may  be  done  to  increase 
the  produce  of  the  land,  at  any  rate  in  smaller  articles,  by  the 
establishment  of  small  holdings  or  by  any  other  means,  the  only 
alternatives  are  increased  emigration,  or  increased  imports  of 
the  staple  foods  of  the  people.  The  latter  alternative,  of  course, 
involves  the  assumption  that  if  the  population  remaining  at 
home  continues  to  increase  as  heretofore,  sufficient  wages  could 
still  be  earned  by  the  increased  numbers  for  the  purchase  of 
the  foreign  food  required. 

Although  to  establish  a  large  number  of  the  population  on 
the  land  in  small  holdings  would  not  only  be  very  costly,  but 
would  only  to  a  limited  extent,  and  under  favourable  conditions, 
be  attended  with  success,  it  is  nevertheless  very  desirable  that 
the  sale  and  purchase  of  land  should  be  rendered  as  cheap  and 
easy  as  possible.  Further,  it  would  doubtless  be  for  the  benefit 
of  the  country,  that  the  owner  of  landed  property  should  be  abso- 
lute owner,  with  power  to  sell,  or  lease,  or  will  it,  to  whomsoever 
he  pleases,  and  that  his  successor  should  have  the  same  power 
as  himself  It  would,  in  fact,  be  desirable  to  remove  all  restric- 
tions to  the  transfer  of  land,  and  to  its  acquirement  on  equitable 
terms,  so  that  there  should  be  no  artificial  obstacles  in  the  way 
of  the  small  holder,  who  would  then  succeed  if  the  conditions 
were  suitable,  but  would  not  if  they  were  otherwise.  It  would, 
at  the  same  time,  be  desirable  that  those  who  vote  the  land  and 
the  money  for  small  holdings  should  also  be  held  responsible 
for  the  failures  and  losses.  The  country  would  thus  have  the 
security  of  the  instinct  of  self-preservation  in  ratepayers,  or 
whoever  else  was  responsible,  that  large  sums  would  not  be  ex- 
pended in  Utopian,  retrograde,  and  losing  schemes. 

J.  B.  La  WES. 
J.  H.  Gilbert. 
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Introduction. 

In  1863,  and  each  year  since,  an  estimate  of  the  Home  Produce 
of  Wheat  in  the  United  Kingdom  has  been  published  by  us  in 
the  daily  and  agricultural  papers  soon  after  harvest.     An  esti- 
mate of  the  tot«d  requirement  for  consumption  within  the  then 
current  harvest-year  has  at  the  same  time  been  given ;  also  an 
estimate,  as  forecast,  of  the  requirement  from  stocks  and  imports 
within  the  harvest-year.     In  1868,  we  gave   in  this  Journal 
(Vol.  VI.,  2nd  Series,  Part  2)  records   and  estimates  on  the 
fi^lqect  for  a  period  of  sixteen  harvest-years,  from  1852-53  to 
1867-68  inclusive.     In  1880,  in  the  Journal  of  the  Statistical 
^^iy  for  June,  and  some  months  later  in  this  Journal  (Vol. 
-^^Vl.,  2nd  Series,  Part  2,  1880),  with  further  particulars  for  the 
jf^^  current  harvest-year  added,  the  estimates  and  records  were 
"^Onght  op  to  1879-80  inclusive,  completing  a  period  in  the 
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one  case  of  twenty-seven,  and  in  the  other  of  twenty-eigl 
years ;  and  the  basis,  and  the  results,  of  the  estimates  so  fit 
were  passed  in  review.  Lastly,  in  The  Field  of  February  1 
1887,  the  records  were  brought  up  to  1885-6,  and  some  poin 
were  considered  in  reference  to  current  discussions  at  the  tini 
It  is  proposed  in  the  present  paper  to  bring  up  the  records 
date,  thus  completing  a  period  of  forty  harvest-years,  frc 
1852-53  to  1891-92  inclusive. 

The  completion  of  a  period  of  forty  years  would  of  itself 
a  suflScient  reason  for  recurring  to  the  subject,  for  bringing 
the  records  to  date,  and  for  discussing  the  results  with  the  view" 
determining  how  far  the  annually  published  estimates  of  fe 
yield  of  the  home-crop,  of  the  requirements  for  consumption,  tm 
of  the  amounts  to  be  provided  by  stocks  and  imports,  have  be 
borne  out  by  the  subsequent  actual  records  of  the  net  impoM 
Another  and  important  reason  for  recurring  to  the  subject 
the  present  time  is,  however,  the  fact  that,  in  1891,  the  Bo^ 
of  Customs,  the  Board  of  Trade,  and  the  Board  of  AgricuUt^ 
adopted  a  different  weight  per  bushel  in  converting  the  recorc 
hundredweights  of  imported  wheat  into  quarters,  and,  what  ifi 
more  importance,  they  at  the  same  time  adopted  a  new  fai5 
for  the  calculation  of  imported  "wheat-meal  and  flour"  into 
equivalent  of  wheat. 

Further,  we  understand  that  the  Registrar-General's  ann 
ally  published  estimates  of  the  population  at  the  middle  of  e^ 
year,  between  one  census  period  and  another,  are  founded 
the  rate  of  increase  actually  ascertained  to  have  taken  pU 
between  the  two  preceding  censuses,  but  that  after  the  n^ 
census  results  are  obtained,  showing  the  actual  increase,  o 
rection  is  made  if  necessary  for  each  of  the  years  of  the  previc 
intercensal  period.  It  happens  that  the  corrections  so  ms 
from  time  to  time  are  brought  together  in  the  Registrar-G^ertf 
53rd  Annual  Report,  issued  in  1891,  and  they  are  found 
affect  the  numbers  we  have  previously  given  for  the  populati 
— that  is,  for  the  number  of  consumers — fix>m  1860-61  up 
the  present  time,  sometimes  in  the  direction  of  decrease,  a* 
in  others  of  increase,  more  or  less  considerable ;  and  it  is  pi 
posed  to  adopt  these  corrections  accordingly,  as  will  be  fib 
explained  farther  on. 

Obviously  it  is  desirable  to  adopt  in  the  future,  in  our  annii 
estimates,  the  new  factors  above  referred  to,  for  the  converau 
of  imported  flour  into  its  equivalent  of  wheat,  and  of  hundre 
weights  of  imported  wheat  into  quarters ;  and  also,  aa  fiur 
possible,  to  take  into  account  any  correction  of  the  popnlatii 
that  is  available.    Thus,  if  the  population  be  taken  at  too  low 
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figxire,  the  estimate  of  requirement  for  consumption  will  be  too 
lo'vr,  or  if  the  estimate  of  population  be  too  high,  so  also  will 
tbat  of  consumption  be  too  high.  Again,  if  the  amount  of  flour 
imported  represents  a  larger  amount  of  wheat  grain  than  has 
hitJierto  been  supposed,  the  amount  available  each  year,  and 
consequently  the  amount  available  per  head  of  the  population, 
has  been  greater  than  has  been  estimated.  On  the  other  hand, 
the  reduction  in  the  adopted  weight  per  bushel  of  the  home  and 
imported  wheat,  although  it  implies  an  increase  in  the  figure 
representing  the  measure  of  the  wheat  grown,  imported,  and 
consumed,  does  not  represent  any  increase  in  the  actual  quan- 
tities by  weight. 

It  is  proposed  to  consider — the  methods  and  the  results  of  the 
estimates  and  records  for  the  past  forty  years,  as  previously  given  ; 
how  far  they  require  modification,  in  view  of  the  altered  factors 
in  regard  to  imported  wheat  and  flour,  and  the  corrected  estimates 
of  the  population,  as  above  referred  to ;  and  whether  any,  or 
W'hat  changes,  should  be  adopted  in  the  future.  Lastly,  attention 
^1  be  directed  to  the  important  bearings  of  the  results  finally 
*  MTived  at. 

The  Data  Required. 

In  our  first  paper  on  the  subject,  published  in  this  Journal 
(^ol.  rV.,  2nd  Series,  Part  II.)  in  1868,  the  estimates  and  records 
^^Te  given  for  each  division  of  the  United  Kingdom  separately, 
^d  for  the  whole  collectively,  but  in  1880  the  illustrations  were 
^ixfined  to  the  United  Kingdom  as  a  whole,  and  it  is  proposed 
*^  to  limit  them  on  the  present  occasion. 

For  each  harvest-year  the  data  required  are — the  area  under 
^teat ;  the  average  yield  of  wheat  per  acre  over  the  whole  country ; 
®  aggregate  home  produce,  and  the  amount  of  it  available 
^^^  consumption  ;  the  net  imports  ;  the  population ;  and  the  aver- 
age consumption  of  wheat  per  head  of  the  population  per  annum. 
The  data  at  command  in  1868,  and  the  results  arrived  at, 
?^©re  fully  discussed  in  the  paper  of  that  date,  and  for  detailed 
J^^rmation  reference  must  be  made  to  it,  but  the  main  facts  may 
"^  briefly  summarised  as  follows  : — 

The  Area  under  Wheat — For  the  fourteen  years  1852  to  1865 
^elusive,  estimates  only  were  available  for  fixing  the  area  under 
^e  crop  in  England  and  Wales.  For  Scotland,  returns  were 
^Uected  by  the  Highland  Society  for  the  years  1854,  1855, 
*856,  and  1857 ;  but  for  the  two  years  prior  to  1854,  and  for 
^e  eight  years  1858-65  inclusive,  estimates  only  had  to  be 
^lied  apon.     For  Ireland,  returns  have  been  available  from  the 
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commencement  of  oar  inquiry  np  to  the  present  time.  Fo 
1866,  and  for  each  year  since,  thanks  to  the  exertions  ofthelat 
Sir  James  (then  Mr.)  Gaird,  we  have  an  official  record  of  the  ara 
under  the  crop,  in  each  division  of  the  United  Kingdom,  and  ii 
the  whole  collectively,  in  the  '*  Agricultural  Returns  "  annuall] 
published  about  the  time  of  harvest.  For  the  last  twenty-si: 
years,  therefore,  one  element  of  uncertainty  in  any  estimates  o 
the  home  produce  of  wheat  has  been  removed. 

The  Average  Yield  of  Wheai  per  Acre. — For  1884,  and  ead 
year  since,  estimates  of  the  average  yield  of  wheat  per  acre  ii 
England,  Wales,  Scotland,  Great  Britain,  Ireland,  and  tin 
United  Kingdom  as  a  whole,  have  been  published  by  the  Boan 
of  Agriculture,  in  the  "  Agricultural  Produce  Statistics."  But 
prior  to  that  date,  the  only  returns  or  official  estimates  at  com 
mand  relating  to  the  subject  were,  for  Scotland  for  four  years 
1854f-57,  and  for  Ireland  for  each  year  within  the  period  o 
our  inquiry  ;  whilst,  for  England  and  Wales,  comprising  in  thi 
earlier  years  from  85  to  90,  and  in  the  later  nearer  95,  per  cent 
of  the  total  area  under  the  crop,  there  was  no  official  informa 
tion  whatever  for  any  year  prior  to  1884,  as  above  referred  to 
For  this  large  proportion  of  the  United  Kingdom  it  was,  there- 
fore, after  very  full  consideration  of  the  data,  and  of  the  results 
to  which  they  led,  decided  to  adopt  the  average  produce  pe: 
acre  each  year  on  certain  selected  and  very  differently  manurec 
plots,  in  the  permanent  experimental  wheat  field  at  Bothamsted 
as  the  basis  of  the  estimates  of  the  average  produce  per  acn 
each  year ;  and  the  same  data  have  been  relied  upon  in  forming 
an  estimate  of  the  average  produce  over  the  United  Kingdon; 
as  a  whole.  But,  having  regard  to  the  character  of  the  soil  oi 
the  experimental  field  at  Bothamsted,  to  the  characters  of  th( 
individual  seasons,  and  to  the  consideration  whether  the  seasoi 
was  more  favourable  for  heavy  or  for  light  land,  and  so  on,  th< 
estimate  actually  adopted  for  the  country  at  large  has,  in  8om( 
seasons,  and  especially  in  bad  seasons,  differed  somewhat  fron 
the  actual  average  indicated  on  the  selected  plots  in  the  experi- 
mental field.  Lastly,  in  all  cases,  the  actual  number  of  busheli 
per  acre  has  been  reduced  by  calculation  into  bushels  of  th< 
adopted  weight  of  61  lb.  per  bushel. 

For  detailed  discussion,  and  for  illustrations  of  the  applica- 
bility of  the  data  for  the  purposes  of  an  estimate  of  the  yield  o: 
the  country  at  large,  so  far  as  evidence  was  available  at  thai 
time  after  adopting  them  for  a  period  of  sixteen  years,  we  musl 
refer  to  our  first  paper  on  the  subject  published  in  the  Journal  ix 
1868 ;  and  for  further  discussion,  after  the  application  of  thedati 
fora  period  of  twenty-eightyears,  to  our  papers  given  inthe/otmiai 
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of  He  Statistical  Society,  and  in  this  Journal,  in  1880,  as  already 
j-eferred  to.  We  have  now,  however,  experience  in  the  use  of 
smch  data  for  a  period  of  forty  years ;  and,  with  this  aid,  it  is 
proposed  further  to  examine  into  their  validity,  and  to  the  trust- 
'^worthiness  of  the  results  arrived  at,  as  tested  by  subsequent 
knowledge,  and  by  the  accordance  or  otherwise  of  the  results 
obtained,  with  conclusions  arrived  at  with  regard  to  other 
elements  of  the  question. 

Uie  Aggregate  Home  Produce,  and  the  Amount  of  it  available 
hr  Consumption. — It  is  obvious  that  if  the  area  under  the  crop, 
SL-nA  the  average  yield  per  acre,  are  known,  the  aggregate  home 
prodace  is  very  easily  calculated.     In  estimating  the  amount  of 
Tiie  total  produce  which  is  available  for  consumption,  deduction 
Has  to  be  made  for  the  amount  annually  returned  to  the  land  as 
seed.     As  explained  in  our  first  paper  (in  1868),  we  then  as- 
sumed 2^  bushels  per  acre  (calculated  on  the  acreage  of  the  past 
year  for  the  next)  to  be  on  the  average  so  returned  to  the  land ; 
^Jid  this  amount  was  deducted  from  the  aggregate  produce  for 
^ach  year  from  1852  to  1886  inclusive;  but,  for  1887  and  each 
year  since,  only  2  bushels  per  acre  have  been  deducted  from  the 
"^tal  home  produce  in  estimating  the  amount  available  for  con- 
^tunption. 

TJis  imports, — For  the  whole  of  the  period  to  which  our  in- 
^^iry  relates,  returns  have  been  available  for  the  United  King- 
dom collectively,  either  of  the  net  imports  of  wheat  and  of 
^heat-flour,  or  of  the  imports  and  exports  from  which  the  net 
^^ports  could  be  calculated.  For  the  separate  divisions  of  the 
^^Untry  the  returns  have  not  been  so  complete ;  and,  mainly 
*^r  this  reason,  we  have,  since  our  first  paper,  in  1868,  confined 
^^ntion  to  the  United  Kingdom  as  a  whole.  For  the  United 
-''kingdom,  returns  are  available  for  the  individual  weeks  or 
Months ;  and,  as  our  estimates  are  made,  not  for  calendar,  but 
*^r  "  harvest-years,'*  that  is,  from  September  1  of  one  year  to 
^Ugust  31  of  the  next,  the  records  enable  us  to  calculate  the  net 
^^porte  for  the  exact  period  required. 

The  Population, — The  Registrar-General  publishes  an  efti- 
^^te  of  the  population  at  the  middle  of  the  calendar  year  for 
^Very  year  between  one  census  and  another ;  and  from  these 
^^ta  we  have  calculated  the  average  number  of  consumers  for 
^ko  harvest-year.  The  middle  of  the  calendar  year  being  the 
^''id  of  June,  and  the  middle  of  the  harvest-year  the  end 
^^  February,  the  plan  adopted  has  been  to  add  to  the  number 
^"^corded  for  the  preceding  midsummer  two-thirds  of  the 
difference  between  that  figure  and  the  number  given  for  the 
^ext  midsammer,  thns  bringing  the  estimate  up  to  the  end  of 
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February.  Of  course,  this  can  only  be  done  after  the  recorc>-x 
for  the  second  midsummer  is  published,  and  hence  the  sam^ 
plan  is  not  available  in  estimating  the  population  of  the  theim- 
current  harvest-year  soon  afber  harvest  each  year.  For  thisi 
purpose,  the  plan  has  been  to  estimate  the  increase  of  populatioct 
since  the  precediner  midsummer  up  to  the  end  of  the  following 
February  (the  middle  of  the  harvest-year)  at  the  same  rate 
that  indicated  by  the  recorded  increase  during  the  three  month-cC^ 
prior  to  the  preceding  midsummer.  Such  estimates  can  obvii~^%^ 
ously  be  only  approximate,  and  it  has  been  suggested  to 
that  it  would  be  more  correct  to  adopt  the  rate  of  increase  o 
the  whole  precC'ding  twelve  months  instead  of  on  the  th 
months  only.  This  we  did  in  our  estimate  for  the  the 
current  harvest-year  soon  after  harvest  last  year,  and  we  proper 
to  do  the  same  in  future.  But,  under  any  circumstances,  i 
annually  published  estimates  are  only  provisional ;  and,  as  abo 
intimated,  in  any  publication  of  the  estimates  of  the  avera 
population,  for  the  individual  harvest-years,  subsequent  to 
publication  of  the  record  for  the  second  midsummer,  the  figua 
obtained  during  the  current  harvest-year  has  always  been  cor 
rected  accordingly.  The  results  show  some  irregularities  ^ 
increase,  especially  immediately  after  the  census  years,  p 
suraably  from  a  new  factor  being  then  adopted  for  the  calculati 
of  the  annual  increase  of  population  during  the  intercens^s-^^^ 
period.  It  will  be  seen  further  on,  however,  that  some,  an^i^^^^*^ 
sometimes  even  material,  corrections,  beyond  those  above  referre^^^ 
to,  should  be  made,  for  some  of  which  the  data  have  not  bee 
available  until  quite  recently. 

The  Average  Consumption  of  Wheat  per  Head  of  the  PoptUaiioc 
per  Annimi. — Previously  to  the  publication  of  our  first  paper  or 
this  subject  in  1868,  a  higher  figure  had  generally  been  assumes 
than  we  were  then  led  to  adopt.  For  England  and  Wales  w 
founded  an  estimate  of  the  average  consumption  per  head 
the  population,  on  the  calculation  of  eighty-sLx  different  dietaries^^'^ 
arranged  in  fifteen  divisions,  according  to  sex,  age,  activity  o^^^ 
trode  of  life,  and  other  circumstances;  and  the  result  so  obtainec-^"'-^ 
was  compared  with  that  arrived  at  on  the  basis  of  populatioi 
and  of  the  amounts  of  the  estimated  available  home  produce 
and  of  the  net  imports,  of  wheat  each  year.  For  Scotland 
for  Ireland  it  was  only  possible  to  found  an  estimate  on 
basis  of  population  and  the  estimated  amounts  of  the  home  an 
foreign  supplies.  On  these  bases,  the  average  consumption  oW' 
wheat  in  the  United  Kingdom  collectively  was  reckoned  at  5*1 
bushels  (of  61  lb.  per  bushel)  per  head  of  the  population  pe 
annum  during  the  first  eight  years,  1852-53  to  1859-60,  and 
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5"5  bushels  during  the  second  eight  years,  1860-61  to  1867-68  ; 
and  in  the  subsequent  annually  published  estimates  that  figure 
v^as  adopted  up  to  1879-80  inclusive.  But,  ou  the  review  of 
the  estimates  and  their  results  in  our  second  paper,  in  1880,  the 
risumption  was  estimated  at  5*6  bushels  during  the  third  eight 
and  5*65  subsequently ;  and  this  last  figure  has  been 
adopted  since  that  date,  that  is,  from  1876-77  up  to  the  present 
time.  The  correctness  of  this  estimate  in  the  past,  and  its  con- 
tinued applicability  in  the  future,  will  be  considered  farther  on. 

Eeconsideration  of  the  Data. 

From  the  foregoing  review  it  results  that,  so  far  as  the  area 
under  the  crop,  and  the  amount  of  the  imports,  are  concerned, 
the  same  data  must  be  relied  upon  as  heretofore.  But,  in  regard 
to  the  average  produce  of  wheat  per  acre  over  the  United 
Kingdom  each  year,  the  estimates  of  the  population  each  year, 
and  those  of  tlie  consumption  per  head  of  the  population,  the 
basis  of  the  estimates,  and  the  results  arrived  at,  will  now,  after 
the  experience  of  forty  years,  and  with  the  further  information 
available,  be  submitted  to  careful  re-examination,  and  be  con- 
firmed or  corrected  accordingly,  as  the  case  may  be. 

The  Estimates  of  the  Average  Produce  of  Wheat  per  Acre 
in  the  Unit^  Kingdom  each  Year. 

We  will  first  consider  the  validity  of  the  estimates  of  the 
average  yield  of  wheat  per  acre  over  the  United  Kingdom  each 
year.  As  already  stated,  they  have  been  founded  on  the  average 
pitxiuce  obtained  on  certain  selected  plots  in  the  field  at  Rotham- 
^ted,  which  is  now  growing  the  crop  for  the  fiftieth  year  in 
^^ccession — without  manure,  with  farmyard  manure,  and  with 
'Various  artificial  manures.  There  has  been  no  change  in  the 
^•^tment  of  either  the  unmanured  or  the  farmyard  manure  plot 
®iuce  the  commencement  of  the  experiments  in  1 84«3-44.  There 
^ere,  however,  some  changes  in  the  manures  applied  to  the  various 
Artificially  manured  plots  during  the  first  eight  ye^rs,  that  is,  to 
1850-51  inclusive.  But,  for  all  the  subsequent  crops,  from  1852 
^pto  the  present  time,  two  of  the  three  selected  artificially- 
^uured  plots  have,  respectively,  received  exactly  the  same 
**"uiure  each  year,  and  the  third  has  done  so  for  a  period  of 
thirty  years  from  1854-55  to  1888-84;  after  which,  from 
1884-85  and  since,  another  plot  has  received  the  same  manures^ 
^d  from  that  time  the  results  obtained  on  it  have  been  brought 
^to  the  calculation,  as  further  explained  below. 

B  2 
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The  selected  plots  are  : — 

Plot  3.  Unmanured  every  year,  commencing  1843-44. 

Plot  2.  Fourteen  tons  farmyard  manure   every  year,  co 
mencing  1843-44. 

Plot  7.  Mixed  mineral  manure,    and  400  lb.  ammonium 
salts,  each  year,  commencing  1851-52. 

Plot  8.  Mixed  mineral   manure,   and  600  lb.  ammonium 
salts,  each  year,  commencing  1851-52. 

Plot  9  (or  16).  Mixed  mineral  manure,  and  550  lb.  sodiu 
nitrate,  each  year,  thirty  years,  1854-55  to  1883-84,  on  Plot  9 
and  the  same  manures  on   Plot  16,  1884-85,  and   each  y 
since. 

In  forming  the  estimate  of  the  average  produce  per  ac 
in  the  United  Kingdom  each  year,  the  plan  has  been  to 
the  mean  produce  of  the  unmanured  plot,  the  farmyar£^ 
manure  plot,  and  of  the  three  artificially  manured  plots  reckon 
as  one,  and  to  reduce  the  result  so  obtained  to  bushels  of 
adopted  weight  of  61  lb.  per  bushel.  As  will  be  shown  farth^ 
on,  experience  has  proved  that  this  mode  of  computation  leav^ 
little  to  be  desired  as  a  means  of  estimating  the  average  yield 
the  country  at  large  over  a  number  of  years,  and  indeed  for 
individual  years.  It  has  not,  however,  be«n  found  equally  app 
cable  for  every  individual  year.  Careful  comparison  leads  to  t 
conclusion,  that  the  so  calculated  average  produce  per  acre,  on  tln:^-^ 
selected  plots,  probably  gives  somewhat  too  high  a  result  fortl«:=^*^ 
country  at  large  in  seasons  of  great  abundance,  and  too  low  a  resuL-*^ 
in  very  unfevourable  seasons.  Accordingly,  as  already  referre*^^' 
to,  in  some  seasons,  instead  of  the  actual  average  indicated  by  th^:^^* 
experimental  plots,  a  higher  or  a  lower  figure  has  been  adopted-^£^ 
and,  especially  in  the  case  of  some  bad  seasons,  a  higher  one  h 
been  taken. 

Independently  of  any  such  admitted  occasional  differencegg^^ 
between  the  so  directly  calculated,  and  the  actually 
estimates  for  individual  years,  the  questions  arise — ^whether  th 
average  result  indicated  by  the  several  selected  plots  remains 
applicable  as  heretofore  ?  Or  whether  the  produce  of  some  o 
them  is  annually  declining,  or  that  of  others  annually  inc 
irrespectively  of  the  influence  of  season ;  so  as  to  vitiate  th 
continued  applicability  of  the  results  for  the  purposes  of  th^^ 
estimate  for  which  they  have  hitherto  been  employed  ? 
point  was  carefully  considered  in  our  paper  in  1880,  on 
review  of  the  results  obtained  up  to  that  time,  that  is,  over 
period  of  twenty-eight  years;  and,  with  the  additional  experienctf-^C 
now  extending  to  forty  years,  we  on  the  present  occasion  submit^'^ 
it  to  further  detailed  re-consideration. 
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The  Unmanured  Plot. — There  can  be  no  doubt  that  the 
px-cxluce  of  this  plot  has  gradually  declined  ;  and,  independently 
the  evidence  of  diminishing  produce,  analyses  of  the  soil,  at 
erent  periods,  show  that  there  has  been  a  gradual  diminution 
the  amount  of  nitrogen  in  it.  But,  owing  to  the  great 
fltictoations  in  the  amount  of  produce  from  year  to  year  depen- 
dent on  season,  it  is  by  no  means  easy  to  estimate  the  decline 
due  to  exhaustion  of  the  soil,  as  distinguished  from  variations 
due  to  the  seasons. 

In  the  first  place  it  is  difficult  to  say  what  figure  should  be 
cidopted  as  the  standard  produce  of  the  plot  by  which  to  compare 
"the  yield  from  year  to  year.     The  whole  field  was  manured  with 
Cannyard  dung  in  1839,  and  then  grew  turnips  (fed  on  the  land), 
barley,  peas,  wheat,  and  oats,  before  the  commenceraeut  of  the 
experiments  in   1843-4.     The  plot  then  grew  eight  crops  of 
"wheat  without  manure,  to  1850-1,  before  the  commencement 
of  the  period  to  which  our  present  estimates  refer.     Although, 
at   the  conclusion  of  the  five-course  rotation  since  manuring 
above  described,  the  land  would  doubtless  be,  in  an  agricultural 
Sense,  so  far  exhausted  as  to  require  re-manuring,  there  can  be 
^o  doubt  that  there  would  nevertheless  be  some  accumulation 
due  to  comparatively  recent  manuring  and  cropping.     It  would 
be  supposed,  however,  that  the  growth  of  wheat  for  eight  years 
in  succession  without  manure  would  remove  most,  if  not  all, 
accumulation  which  could  be  attributed  to  comparatively  recent 
treatment.     Indeed,  there    can  be  little  doubt  that  the  land 
'^ould  sufier  more  or  less  exhaustion  during  those  eight  years  ; 
^ut,  as  serving  to  counteract  the  tendency  to  decline  in  yield 
&t>m  exhaustion  during  that  period,  it  happened  that,  taken 
together,  those  eight  seasons  were  of  more  than  average  pro- 
ductiveness. 

Upon  the  whole,  therefore,  it  was,  in  1880,  considered  that 
the  average  produce  of  those  eight  years,  which  was  17  bushels 
P^r  acre,  at  61  lb.  per  bushel,  might  be  taken  fairly  to  represent 
^be  standard  produce  of  the  unmanured  land,  independently  of 
Material  exhaustion.  Adopting  this  as  the  standard,  we  en- 
^^voured  to  estimate  whether,  or  to  what  extent,  there  had  been 
^^cline  in  yield  during  the  twenty-eight  years,  due  to  exhaustion, 
^dependently  of  variations  due  to  season.  To  this  end  we 
fii^t  endeavoured  to  calculate  what  should  be  the  produce  in 
^ch  year  subsequent  to  the  first  eight,  provided  there  were  no 
decline  from  exhaustion,  but  onlv  variation  from  season.  As- 
^^ming  that,  if  there  were  no  exhaustion,  it  would  each  year 
fltictuate  from  the  standard  under  the  influence  of  season  in  the 
^me  proportion  as  the  fluctuation  of  the  adopted  average  yield 


12  Home  Produce,  Imports,  Gonsumption,  cund 

of  the  coantry  at  large,  the  produce  that  the  unmanured  plo1 
should  yield  each  year  has  been  calculated ;  and  the  difiTerena 
between  the  result  so  obtained  and  the  actual  yield  of  the  plol 
each  year  shows  the  excess  or  deficiency  of  the  actual  produce 
and,  if  deficiency,  indicates  the  decline  due  to  exhaustion. 

In  1880,  with  the  results  for  twenty-eight  years  then  a1 
command,  such  a  calculation  showed  an  average  deficiency  ovei 
the  period  of  rather  more  than  4|  bushels.  This,  therefore, 
according  to  the  mode  of  calculation  adopted,  represented  the 
decline  of  the  produce  on  the  unmanured  plot  during  that  perioc 
irrespectively  of  season.  The  results  further  showed  that,  sup- 
posing the  decline  had  been  uniform  over  the  whole  period,  i\ 
would  correspond  to  a  rate  of  diminution  of  between  one-quartej 
and  one-third  of  a  bushel  from  year  to  year.  It  was  suggested 
however,  whether  with  a  return  of  better  seasons  the  decline 
would  be  as  marked.  In  reference  to  this  point  it  may  be 
stated,  that  the  last  nine  of  the  twenty-eight  years  gave  a  lowei 
average  produce  over  the  country  at  large  than  any  equal 
period  of  the  previous  nineteen  or  of  the  succeeding  twelve 
years ;  and  that  they  gave  an  average  of  only  9  bushels  pei 
acre  on  the  unmanured  plot  against  12|  bushels  over  the  suc- 
ceeding twelve  years.  Following  the  same  line  of  calculation 
for  forty  years,  with,  as  above  referred  to,  a  return  of  bettei 
seasons,  especially  during  the  last  eight  or  nine  years,  to  1891 
inclusive,  the  figures  showed  almost  exactly  the  same  average 
deficiency  of  actual  produce,  compared  with  the  standard  of  17 
bushels,  over  the  forty  years  as  was  formerly  found  for  the  twenty- 
eight  years,  namely,  4^  bushels,  against  rather  more  than  4| 
bushels  over  the  twenty-eight  years.  This,  if  the  decline  had 
been  uniform,  would  correspond  to  less  than  a  quarter  (about 
two-ninths)  of  a  bushel  per  acre  from  year  to  year  over  the  forty 
years,  instead  of  nearly  one-third  of  a  bushel  over  the  twenty-eighl 
years.  But  even  this  reduced  rate  of  decline,  due  to  a  return  oi 
better  seasons,  indicated  a  calculated  produce  on  the  unmanured 
plot  of  only  about  8  bushels  in  the  fortieth  year,  against  an 
actual  produce  over  the  last  three  years  of  about  13  bushels ;  and 
it  showed  an  average  of  only  about  9  bushels  over  the  last  ten 
years,  against  an  actual  average  of  nearly  12^  bushels. 

It  was  concluded,  therefore,  that  the  adopted  standard  of  17 
bushels  showed  a  greater  decline  than  was  indicated  by  the 
actual  produce  obtained,  and  that  that  standard  was  too  high. 
Accordingly,  the  calculations  have  now  been  made  on  the  as- 
sumption that  the  standard  unmanured  produce  with  which  tc 
compare  the  actual  produce,  as  influenced  by  exhaustion,  wafi 
only  16  bushels. 
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Adopting   16   bushels  as  the  standard,  the  result  is,  that 

ith  an  average  actual  produce  over  the  twenty-eight  years  of 

^X'^^^her  over  12^  bushels,  the  average  decline  is  less  than  3^ 

^^:K38t6ad  of  nearly  4^  bushels  when  1 7  was  taken  as  the  standard  \ 

d  the  rate  of  decline  from  year  to  year  is  rather  less  than  one- 

narter  of  a  bushel,  instead  of,  as  before,  nearly  one -third  of  a 

ufihel.     And,  whilst  with  a  standard  of  17  bushels  the  calcu- 

produce  in  the  twenty-eighth  year  was  little  more  than  8 

Dshels,  with  a  standard  of  16  bushels  it  is  more  than  9  bushels* 

Then,  the  results  for  forty  years  show,  with  a  standard  of  16 

nshels,  and  an  actual  average  produce  of  about  12^  bushels,  an 

"Ten^e  decline  of  about  3^,  instead  of  about  4^  bushels  with  a 

^C^andard  of  1 7  bushels ;  and  the  average  rate  of  reduction  from 

<ar  to  year  is  little  more  than  one-sixth  of  a  bushel  instead  of 

nearly  one-quarter  of  a  bushel,  with  17  bushels  as  the  standard. 

*urfther,  whilst  with  17  bushels  as  the  standard,  the  calculate^ 

-Toduce  would  amount  to  little  more  than  8  bushels  in   the 

rtieth  year,  showing  a  deficiency  of  nearly  9  bushels,  with  a 

:<3aDdard  of  16  bushels  the  calculated  produce  would  be  more 

~b3an  9  bushels  in  the  last  year,  and  the  reduction  less  than  7 

^VLshels  since  the  beginning. 

Upon  the  whole,  therefore,  assuming  the  standard  produce 

ff  the  unmanured  plot  to  have  been  16  bushels  per  acre  inde- 

"^^^ndently  of  material  exhaustion,  there  was  an  average  decline 

om  year  to  year  of  rather  less  than  a  quarter  of  a  bushel  over 

e  twenty-eight  years,  and  of  little  more  than  one-sixth  of  a 

^^xiahel  over  the  forty  years.     It  will  be  seen  that  a  return  of 

l^^tter  seasons  since  the  first  twenty-eight  has  led  to  a  consider- 

^l)Ie  reduction  in  the  estimate  of  the  rate  of  decline  from  year  to 

y  ^ar  due  to  exhaustion.     It  remains  to  be  seen  what  will  be  the 

^sult  in  the  future ;  and  whether  a  point  has  already  been,  or 

ill  in  time  be   reached,  at  which   the   produce  will   remain 

^^^astant,  excepting  so  far  as  it  is  influenced  by  the  fluctuations 

^f  the  seasons. 

The  Farmya/rd  Manure  Plot. — It  has  been  seen  that  the  un- 
^^anured  plot  has  declined  in  yield  and  fertility ;  but  there  can 
^«no  doubt  that  the  farmyard  manure  plot  has,  on  the  other 
^^d,  increased  in  fertility.  Analyses  of  the  surface  soil  ac 
^-Mfferent  periods  has  shown  that  it  has  become  about  twice 
^^  rich  in  nitrogen  as  that  of  the  unmanured  plot.  It  has, 
^^deed,  been  shown  on  several  occasions,  that  a  large  amount  of 
*^lie  constituents  of  farmyard  manure  accumulates  within  the 
^T)il,  and  that  they  are  very  slowly  taken  up  by  crops ;  in  fact, 
Notwithstanding  this  great  accumulation  within  the  soil,  the 
^heat  crops  on  the  dunged  plot   seldom,  if  ever,   show   over 
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luxuriance ;  and  in  nn&vourable  seasons  the  produce  has  be 
comparatively  small,  largely  owing  to  the  encouragement 
weeds,  and  especially  of  grass,  which,  in  wet  seasons,  it  has  be 
impossible  effectually  to  eradicate,  and  what  has  been  done  1 
not  been  accomplished  without  injury  to  the  crop. 

In  writing  upon  the  results  of  the  twenty-eight  yes 
1852-1879,  we  adopted,  as  in  the  case  of  the  unmanured  p] 
the  average  of  the  preceding  eight  years,  1844-51,  to  rep 
sent  the  standard  yield  of  the  farmyard  manure  plot,  ir 
spectively  of  material  accumulation.  The  figure  so  arrived 
was  28|^  bushels  at  61  lb.  per  bushel.  Adopting  this  as  1 
standard  produce  of  the  plot,  then  calculating  what  would 
the  produce  in  each  of  the  subsequent  twenty-eight  years,  p 
vided  it  fluctuated  from  the  standard  from  year  to  year  in  1 
same  degree  as  the  fluctuation  of  the  average  produce  of  1 
country  at  large,  and  then  taking  the  difference  between  t 
calculated  produce  fluctuating  by  season  alone,  and  that  actua 
obtained  each  year,  the  result  indicated  the  increase,  if  any,  c 
to  accumulation.  On  this  mode  of  calculation,  the  aven 
increase  due  to  accumulation  would  amount,  over  the  twen 
eight  years,  to  about  5  bushels  ;  and  the  average  rate  of  incre; 
from  year  to  year,  provided  it  were  uniform  throughout  1 
period,  would  be  rather  less  than  f  of  a  bushel. 

Adopting  the  same  amount,  28^  bushels,  as  the  standi 
yield,  and  following  the  same  line  of  calculation  for  the  fo 
years,  the  average  increase  would  amount  to  rather  over 
bushels,  and  the  rate  of  increase  from  year  to  year,  if  unifo 
throughout  the  period,  would  be  rather  less  than  one-third  o 
bushel ;  that  is,  less  per  annum  over  the  forty  than  over  1 
twenty-eight  years,  which,  towards  the  end,  included  a  sei 
of  very  unfavourable  seasons. 

Such  are  the  results  for  the  twenty-eight  and  for  the  fo 
years,  on  the  assumption  that  the  standard  produce  of  the  far 
yard  manure  plot,  irrespectively  of  material  accumulation,  i 
only  28^  bushels.  This  is,  however,  certainly  a  very  low  p 
duce  to  be  obtained  by  the  annual  application  of  14  tons 
farmyard  manure  per  acre  for  eight  years  in  succession,  and 
seasons  which,  taken  together,  were  of  more  than  average  p 
ductiveness.  If,  however,  we  exclude  the  produce  of  the  first 
the  eight  years,  1844,  which  gave  a  high  yielding  crop  over  1 
country  at  large,  but  less  than  20  bushels  on  the  farmyj 
manure  plot,  the  average  of  the  remaining  seven  years  amou: 
to  29*3  bushels,  whilst  three  of  the  seven  yielded  more  than 
bushels,  and  two  others  29  bushels  or  more.  Adopting  21 
bushels  as  the  standard  instead  of  28|^,  the  result  would  be 
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"crage  increase  of  only  about  3J  instead  of  about  5  bushels  over 
twenty-eight  years,  and  of  only  5^  bushels  instead  of  6^ 
'«r  the  forty  years ;  whilst  the  average  increase  from  year  to 
•,  if  uniform  throughout  the  period,  would  be  little  more 
t^lisn  one-quarter  of  a  bushel  instead  of  nearly  f  of  a  bushel  over 
twenty-eight  years,  and  little  over  one-quarter  of  a  bushel 
istead  of  nearly  one-third  of  a  bushel  over  the  forty  years. 
The  general  result  is,  then,  that  if  we  exclude  the  produce  of 
first  of  the  eight  preceding  years  (1844),  which  the  fact  of 
high  produce  over  the  country  at  large,  and  the  low  produce 
the  experimental  plot>  seems  fully  to  justify,  we  get  a  stan- 
produce  of  the  farmyard  manure  plot  of  29  3  instead  of 
bushels  by  which  to  calculate  the  subsequent  increase  from 


^Looumulation  ;  and  the  estimated  rate  of  increase  is  accordingly 
lo'w^er. 

The  AHiiicially-manured  Phis, — Neither  the  previous  history 

of    the  plots,  nor  common  experience,  enables  us  to  adopt   a 

^^tandard  average  produce  for  the  respective  manures,  with  which 

'^o  compare  the  actual  produce  each  year,  so  as  to  form  a  judg- 

"^©nt  whether  there  has  been  progressive  decline  or  progressive 

^^^icrease  in  the  productive  effect  of  the  manures  irrespectively 

^f  fluctuations  dependent  on  season.     If  we  take  the  average 

P^x>duce  of  either  of  the  plots  over  the  twenty-eight  or  the  forty 

J^^ars  as   its   standard  produce,  and  then  take  the  difference 

*^©tween  this  standard  and  the  actual  yield  each  year,  we  get 

^'^ore  or  less  difference,  sometimes  plus  and  sometimes  minus  in 

^he  individual  years,  according  to  the  characters  of  the  season  ; 

*^oti    over  the  total  period  of  twenty-eight  or  forty  years,  the 

^^erage  of  which  is  taken  for  the  standard,  the  pluses  and  the 

**^inuses   necessarily  balance  one  another ;  showing,  therefore, 

^^ither  progressive  decline  nor  progressive  increase  due  to  the 

^^aoiure. 

A  careful  study  of  the  results  in  detail  also  indicates  that  there 
^  practically  no  appreciable  variation  from  year  to  year  in  the  pro- 
^^ce  of  the  respective  manures,  other  than  that  obviously  attri- 
butable to  the  seasons.     Or,  if  we  divide  the  total  period  into  a 
^^xnber  of  shorter  ones,  the  difference  of  result  for  each  of  the 
^^orter  periods  is  again  seen  to  depend  on  the  favourable  or  un- 
^^^Vourable  conditions  of  the  seasons  included.     On  the  other 
**^iid,  the  examination  clearly  shows,  that  the  selected  artificial ly 
^**«inured  plots  give  a  proportionally  higher  produce  in  seasons 
^^  bigh  productiveness  than  the  excess  over  the  average  in  the 
^^untry  at  large  would  indicate.      In  other  words,  so  far  as  the 
yields  of  the  selected  artificially  manured  plots  are   brought 
^to  the  estimates,  they  tend  to  indicate  somewhat  too  high  a 


k 
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produce  in  the.  better   seasons,  and  somewhat  too  low  a  pro- 
duce in  unfavourable  seasons. 

If,  then,  as  a  careful  examination  of  the  facts  seems  to  indi- 
cate, the  yield  of  the  unmanured  plot  has  somewhat  declined 
from  exhaustion,  and  that  of  the  farmyard  manure  plot  has  in  a 
rather  greater  degree  increased  from  accumulation,  whilst  the 
produce  of  the  selected  artificially  manured  plots  has  not 
changed  otherwise  than  from  year  to  year,  according  to  the  fluc- 
tuations of  the  seasons,  the  question  arises  whether,  or  to  what 
extent,  the  average  results  of  the  whole  of  the  selected  plots 
should  be  considered  inapplicable  as  a  basis  for  estimating  the 
yield  for  the  United  Kingdom  each  year,  either  during  the  past 
forty  years,  or  in  the  future. 

In  order  to  form  a  judgment  on  this  point,  the  produce  of 
the  unmanured  plot  in  each  of  the  past  forty  years  has  been  in- 
creased in  the  proportion  in  which  the  previous  calculations 
showed  that  there  had  probably  been  decline  from  exhaustion, 
and  that  of  the  farmyard  manure  plot  has  been  reduced  in  the 
proportion  in  which  the  calculations  showed  that  there  had  pro- 
bably been  increase  from  accumulation.  That  is  to  say,  the 
actual  results  have  been  corrected  on  the  assumption  that  there 
had  been  neither  decline  from  exhaustion  in  the  one  case,  nor 
increase  from  accumulation  in  the  other.  Then,  the  average  of 
the  thus  corrected  produce  of  the  unmanured  and  of  the  farm- 
yard manure  plot,  and  of  the  three  artificially  manured  plots 
(which  are  supposed  not  to  have  changed)  taken  as  one,  has 
been  calculated,  and  this  corrected  or  calculated  average  pro- 
duce of  the  selected  plots  each  year  has  then  been  deducted  from 
the  average  of  the  actual  average  results,  the  difference  showing 
the  excess  of  the  actual  over  the  calculated  result  each  year,  due 
to  the  greater  increase  by  accumulation  on  the  farmyard  manure 
plot,  than  decline  by  exhaustion  on  the  unmanured.  The  result 
indicates  an  average  over  the  forty  years  of  rather  more  than 
half  a  bushel  excess  of  produce  per  acre  per  annum ;  and  an 
excess  of  rather  over  a  bushel  in  the  fortieth  year,  supposing 
the  rate  of  increase  had  been  uniform  throughout  the  period. 
Whether  or  not  this  change  vitiates  the  applicability  of  the  data 
as  hitherto  used,  or  their  utility  for  the  same  purpose  in  the 
future,  will  be  better  seen  farther  on. 

It  has  already  been  explained,  that  the  average  produce  of 
the  selected  plots  probably  indicates  somewhat  too  high  a 
result  for  the  United  Kingdom  in  seasons  of  great  abundance, 
and  too  low  a  result  in  very  unfavourable  seasons,  and  that, 
accordingly,  in  some  seasons  a  higher  or  a  lower  figure  has  been 
adopted ;  but  that  the  estimates  so  founded  on  the  produce  of 
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^t^^  selected  plots  have,  as  a  matter  of  fact,  been  proved  to  be 
y^x^  near  the  truth  for  series  of  years,  and  in  most  cases  for 
iii^^SiTidaal  years  also.  Illustrations  of  this  will  be  adduced 
&^:^lier  on. 

The  Results  for  the  Forty  Years,  according  to 
the  previously  adopted  standards. 

Appendix-Table  I.  (p.  58)  gives  the  particulars  of  the  home 
Pi'oduce,  the  imports,  and  the  consumption,  of  wheat  in  the  United 
Kingdom,  for  the  forty  harvest-years,  1852-3  to  1891-2,  in  the 
s^me  form  as  published  in  former  papers  for  shorter  periods. 
The  area  under  the  crop,  the  estimated  average  produce  per 
^cre,  the  total  home  produce  each  year  calculated  therefrom, 
^nd  the  amount  available  for  consumption  after  deducting  the 
quantity  required  for  seed,  are,  for  the  first  twenty-eight  years,  the 
^^tne  as  given  in  our  last  paper  on  the  subject  in  this  Journal 
CVol.  XVI.,  2nd  Series,  Part  2,  1880)  ;  and  for  the  subsequent 
years  they  are,  with  some  immaterial  subsequent  corrections, 
the  same  as  given  in  the  annual  letter  on  the  wheat  crop  of  the 
<>^untry. 

The  net  imports  (imports  less  exports)  have,  however,  been 
'recalculated  throughout  on  one  uniform  basis.  Thus,  the  same 
®^urce  is  now  adopted  throughout,  namely,  the  Trade  and 
^fivigatton  Returns j  which  formerly  had  not  been  used  for  the 
^^I'lier  years;  and  we  have  now  to  thank  Mr.  Giffen,  of  the 
^oard  of  Trade,  for  kindly  giving  us  access  to  the  records, 
-A^^in,  for  the  earlier  years,  the  quantities  of  wheat  returned  in 
^^'^.  were  calculated  into  equivalent  quarters,  and  the  quantities 
^^*'  wheat-meal  and  flour  "  returned  in  cwts.  into  their  equivalent 
^^arters  of  wheat,  by  factors  not  always  precisely  corresponding 
^^th  what  seem  to  have  been  the  officially  adopted  relations, 
^  ow,  the  wheat  imported  as  wheat,  and  returned  in  cwts.,  has 
^«n  converted  into  quarters,  as  we  understand  had  been  done 
^y  the  Departments,  by  multiplying  the  cwts.  by  -^,  which  gives 
^^arters  of  485^  lb.  =  8  bushels  of  60f  lb.  per  bushel;  and 
^h©  imported  "  wheat-meal  and  flour,"  returned  in  cwts.,  has 
^^en  calculated  into  quarters  of  wheat  (also  as  we  understand 
^ad  as  a  rule  been  done  by  the  Departments)  by  reckoning  3^ 
^^^t».  of  "  wheat-meal  and  flour  "  to  be  equivalent  to  a  quarter 
^^  wheat.  This  calculation  corresponds  to  80*77  by  weight 
^f^  **  wheat-meal  and  flour"  to  100  of  wheat;  and  it  gives  the 
^^ault  in  quarters  of  wheat  of  60§  lb.  per  bushel.  In  some  of 
^he  earlier  years,  however,  it  is  stated  in  the  Returns  that  1  cwt. 
^^  '*  wheat-meal  and  flour  "  was  taken  as  equivalent  to  l^  cwt.  of 
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wheat,  which  corresponds  to  80  parts  by  weight  of  "  wheat- 
and  flour  "  to  100  of  wheat. 

The  general  result  of  the  adoption  of  the  above  data,  a] 
the  slightly  altered  modes  of  calculation,  has  been  to  i 
changes  which  are  practically  immaterial ;  but  it  was  the 
better,  on  republication,  to  have  the  results  calculated  unifc 
throughout. 

The   population  is  taken  as  before;  but,  as  will  be 
farther  on,  the  figures  will  be  subject  to  some  alteration  fo 
intercensal  years,  according  to  corrections  subsequently  publ 
by  the  Registrar-General. 

It  is  obvious  that  the  alterations  in  the  calculation  o 
imports,  as  above  described,  will  slightly,  though  quite  immt 
ally,  affect  the  calculations  of  the  amount  of  wheat  availabl 
consumption  per  head  from  home  and  from  foreign  source 
spectively,  within  each  year,  and  also  the  sum  of  the  two. 

Appendix-Table  I.  (p.  58)  therefore  gives,  with  what 
turned  out  to  be  immaterial  corrections,  a  complete  reco: 
the  home  produce,  imports,  and  consumption,  of  wheat 
the  forty  years  of  our  estimates,  so  far  as  already  publi 
either  in  our  former  papers  or  in  the  annual  estimates ; 
before  applying  to  the  estimates  of  the  past,  the  altera 
or  corrections  which  we  have  stated  will  be  necessary  ii 
future — in  accordance  with  the  altered  standards  rec 
adopted  by  the  Departments  in  the  calculation  of  cwt 
wheat  into  quarters,  and  of  cwts.  of  "  wheat-meal  and  fl 
into  quarters  of  wheat,  and  with  the  corrections  of  the  \ 
lation  since  recorded  by  the  Registrar-General — it  wi] 
instructive  to  consider  the  bearing  of  the  results  obti 
without  these  alterations,  for  the  period  of  forty  years,  ai 
merly  for  shorter  ones. 

We  will  first  compare  in  this  way  the  directly  calcu 
average  produce  of  the  selected  experimental  plots  at  Rot 
sted,  with  the  annually  adopted  estimate  of  the  average  pre 
of  the  United  Kingdom  founded  upon  them ;  and  next 
how  far  the  adopted  estimates  have  been  borne  out  by  • 
evidence  bearing  upon  the  subject. 

The  following  Table  (I.)  shows,  for  each  of  the  first  four  e 
yearly  periods,  for  the  next  five  years,  and  for  the  total  tl 
seven  years,  1852-88  inclusive, — also  separately  for  the 
three  years,  1889-91,  and  for  the  total  period  of  forty  hai 
years,  1852-91, — the  produce  of  wheat  per  acre,  in  bush 
61  lb.,  as  hitherto  always  reckoned,  as  under  : — 

1.  The  directly  calculated  mean  produce  per  acre  oi 
selected  plots  in  the  experimental  wheat  field  at  Rotham8t4 
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2.  The  annually  adopted  estimates  of  the  produce  per  acre 
in  the  United  Kingdom,  as  founded  on  the  results  obtained  on 
the  selected  plots. 

3.  The  produce  per  acre,  as  calculated  by  deducting  the  net 
imports,  subsequently  recorded,  from  the  total  estimated  re- 
quirement for  consumption  given  as  forecast  each  year,  adding 
to  the  result  the  amount  assumed  to  be  returned  to  the  land  as 
seed,  and  dividing  the  product  by  the  area  under  the  crop. 

Table  I. 


Produce  per  acre,  at  61  lb.  per  bushel 


Avi 


8 
8 
8 

3T 
40 


es  for : — 
^enTS  1852-3 
1860-1 
1868-9 
1876-7 
1884-5 


II 


If 


n 


to  1869-60 
„  1867-8 
„  1875-6 
„  1883-4 
„  1888-9 


„  1862-3  „  1888-9 
„  1889-90  „  1891-2 


II 


1852-3 


i> 


1891-2 


Directly  calcu- 
lated meau 
produce  of  the 
selected  plots 

Bushels 

27i 

29 

27 

23 

29 


27 

30J 


27J 


According  to 

annually 

adopted 

estimates 


According  to 
consumption 
and  imports 


Bushels 


27 
3 


3 


27i 


Bushels 


28^ 
28J 
26} 
24| 
30} 


27 
2 


SI 


27i 


^ears  1884-5    to  1888-9 
1889-90  „  1891-2 


>» 


1884-5 


fi 


1891-2 


29 
30J 


29^ 


28^ 
30 


30* 
26J 


291 


29* 


It  will  be  seen  that  although  the  Table  relates  to  a  period  of 

*or*t;y  years,  the  results  are  given  for  four  periods  of  eight  yeai-s 

^'^^  for  one  of  five,  making  together  only  thirty-seven  years  ;  and 

*'"^t;  those  for  the  last  three  years,  and  the  average  for  the  total 

foi^y  years,  are  given  separately.     The  reason  is,  that,  notwith- 

^^xiding  very  much  labour  annually  bestowed  on  hand-hoeing, 

^^©   land  had,  in  the  later  years,  partly  owing  to  the  characters 

of  the  seasons,  become  very  foul ;  Alopecunis  agrestis  (slender 

fox-tail)   beiug  the   most    prominent   and  troublesome   weed. 

Sence,  for  the  crops  of  1889,  down  one-half  the  length  of  the 

plots  (the  top),  only  alternate  rows  were  sown,  in  order,  as  far 

^  possible,  to  eradicate  this  and  some  other  plants ;  the  other 

^*lf  (the  bottom)  being  sown  in  the  usual  way.     For  the  crop 

of  1890,  on  the  other  hand,  the  full  number  of  rows  were  sown 

on  the  top  half,  and  only  alternate  rows  on  the  bottom,  in  order 
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the  better  to  clean  that  portion.  For  the  crop  of  1891,  ho^ 
ever,  the  full  namber  of  rows  were  again  sown  over  the  whce 
length  of  each  plot. 

In  1889,  the  produce  of  the  ordinarily  or  thick-sown  porti* 
of  the  land  was  taken  as  the  produce  of  the  plot ;  and  this  beic 
the  bottom  portion,  which  is  the  worst  half  of  the  plots,  was  xm 
doubtedly  abnormally  low ;  the  selected  plots  yielding  a  me* 
produce  of  only  27^  bushels  at  61  lb.  per  bushel,  whilst  oc 
actually  adopted  estimate  was  29  J  bushels. 

In  1890,  the  top  half  of  the  plots  was  ordinarily  sown,  ai^ 
this  portion  being  not  only  the  better  half,  but  having  b€^ 
only  thin-sown — that  is,  partially  fallowed — in  1889,  the  produ 
was  without  doubt  abnormally  high  ;  the  average  produce  of  M 
selected  plots  being  37^^  bushels,  whilst  we  estimated  the  yi^ 
of  the  country  at  large  to  be  only  31^  bushels.  According^ 
we  have  adopted  the  mean  produce  of  the  thick-  and  the  th: 
sown  portions,  as  more  nearly  representing  the  normal  produ 
of  the  plots  ;  and  this  gives  an  average  for  the  selected  plotsE 
30  J  bushels,  which  is  not  much  less  than  our  adopted  averaE 
yield  for  the  United  Kingdom. 

Lastly,  in  1891,  the  entire  plots  were  ordinarily  sown,  H 
after  partial  fallow  of  the  top  half  in  1 889,  and  of  the  bott^ 
half  in  1890.  The  produce  was,  therefore,  assumed  to 
abnormally  high.  The  average  of  the  selected  plots  gave  33 
bushels  at  61  lb.  per  bushel ;  but  we  estimated  the  crop  of  tJ 
country  at  only  29  ^  bushels  at  61  lb.,  or  30  bushels  at  60 
per  bushel. 

It  was,  therefore,  under  abnormal  conditions  of  the  lani 
that  abnormal  results  were  obtained  in  the  last  three  years  of  ts: 
forty,  and  hence  the  same  accordance  as  usual  between  the  acta 
produce  of  the  selected  plots  and  the  estimated  yield  of  U: 
country  in  the  individual  yearS  was  not  to  be  expected.  It 
seen,  however,  that  the  average  yield  of  the  selected  plots  ov* 
these  three  years  taken  together  was,  nevertheless,  identical  wi- 
the estimated  yield  of  the  United  Kingdom  over  the  same  thri* 
years — namely,  30 J  bushels. 

Let  us  now  consider  the  estimates  of  yield  per  acre  calcu 
lated  in  the  three  different  ways,  over  the  individual  period, 
and  over  the  total  period  of  the  first  thirty-seven  of  the  fort 
years.  Although  in  the  majority  of  seasons  the  mean  produa 
of  the  selected  plots  closely  represents  the  average  produce  pe 
acre  of  the  United  Kingdom,  as  has  already  been  stated  i 
generally  indicates  a  somewhat  higher  yield  than  the  averag* 
oi  the  country  at  large  in  seasons  of  high  productiveness,  and  i 
somewhat  lower  one  in  unfavourable  seasons ;  and  hence,  in  somi 
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^»sons,  we  have  adopted  an  estimate  rather  higher  or  rather 
l<i>"^er,  as  the  case  may  be,  than  the  exact  experimental  results 
3uld  indicate.     Accordingly,  the  figures  show  that,  over  the 

^ht  years  1860-1  to  1867-8,  which  included  several  of  very 
tkit^'h  productiveness,  the  average  yield  on  the  selected  plots  was 
20  bushels,  whilst  the  average  of  the  annually  adopted  estimates 
for  the  United  Kingdom  over  the  same  period  was  28|  bushels, 
or  rather  less.  Again,  over  the  eight  years  1876-7  to  1883-4, 
^hich  included  some  exceptionally  bad  seasons,  the  selected 
plots  gave  an  average  of  only  23  bushels,  whilst  the  average  of 
the  annually  adopted  estimates  of  the  yield  of  the  United  Kingdom 
^^as  24J  bushels.  Taken  over  the  whole  period  of  the  thirty- 
seven  years  of  normal  treatment  of  the  land,  however,  the 
selected  plots  indicate  an  average  of  27  bushels,  against  27^, 
according  to  the  annually  adopted  estimates.  In  other  words, 
there  is,  over  the  thirty-seven  years,  only  a  difference  of  a 
quarter  of  a  bushel  per  acre  per  annum  between  the  direct 
ixidication  of  the  produce  of  the  selected  experimental  plots  and 
the  results  of  the  annually  adopted  estimates.  Lastly,  even  in- 
cluding the  abnormal  results  of  the  last  three  years,  the  average 
for  the  forty  years  is  seen  to  be  27:J  bushels  according  to  the 
Actual  results  of  the  selected  plots,  and  27^  bushels  according 
to  the  annually  adopted  estimates,  showing,  therefore,  a  difierence 
^^  only  J  bushel  over  the  forty  years. 

We  will  now  compare  the  annually  adopted  estimates  of  the 
produce  of  the  country  at  large  with  the  results  given  in  the 
^««t  column  of  the  Table,  which  are  obtained  by  deducting  the 
subsequently  recorded  net  imports  from  the  estimated  total  re- 
quirement forconsumption,each  year  adding  the  amounts  required 
*or  seed,  and  dividing  the  product  by  the  number  of  acres  under 
^l^e  crop.  It  is  seen  that,  over  each  of  the  first  four  eight-yearly 
Periods,  there  is  a  difference  of  only  |  bushel  per  acre  between 
^t^e  average  of  the  annually  adopted  estimates  and  the  average 
^'^  the  results  founded  as  above  on  consumption  and  imports 
^'^er  the  same  periods. 

Over  the  subsequent  five  years,  however,  whilst  the  average 
^^  the  annually  adopted  estimates  indicates  28  J  bushels  per  acre 
*^r  the  home  crop,  the  calculated  result  founded  on  consumption 
^^d  imports  shows  30|  bushels,  or  a  difference  of  1|  bushels  in 
^^cess  of  the  average  of  the  estimates.  On  the  other  hand,  over 
^He  last  three  years,  whilst  the  average  of  the  annually  adopted 
^timates  is  30^  bushels,  the  result  founded  on  consumption  and 
^^ports  indicates  only  26^  bushels,  or  a  deficiency  of  4^  bushels. 
■*^e  facts  are,  as  will  be  seen  farther  on,  that  the  amounts 
Available  for  consumption  per  head  of  the  population  from  home 
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and  foreign  supplies  taken  together,  were  comparatively  lo 
within  the  five  years,  the  imports  not  increasing  at  so  rapid 
rate  as  previously ;  whilst  during  the  last  three  years,  ai 
especially  in  the  last  harvest-year  (1 891-2),  the  imports  were  vei 
much  in  excess  of  the  requirements.  Hence,  during  the  five  year 
the  amount  of  imports  to  deduct  from  the  requirements  for  co: 
sumption  were  comparatively  low,  leaving,  according  to  the  moi 
of  calculation,  a  larger  proportion  to  be  apparently  derived  fro 
the  home  produce  ;  whilst,  over  the  last  three  years,  the  impor 
being  undoubtedly  in  excess  of  the  requirements,  deducting  the 
from  the  requirements  leaves  a  too  low  amount  to  be  credited 
the  home  crop.  If,  however,  we  take  the  average  for  the  U 
periods  of  five  and  three  years  together,  that  is,  for  the  last  eig 
years,  as  shown  in  the  bottom  line  of  the  Table,  the  avera] 
of  the  annually  adopted  estimates,  and  the  result  founded  i 
consumption  and  imports,  difier  by  only  J  of  a  bushel. 

Finally,  taking  the  result  for  the  total  period  of  forty  yea 
in  each  case,  the  average  of  the  annually  adopted  estimate 
and  that  calculated  from  consumption  and  imports,  are  identic^ 
namely  27^  bushels ;  whilst  the  actual  average  produce  of  tl 
selected  plots  is  27^  bushels. 

So  much  for  the  validity,  in  the  past,  of  the  results  of  t'. 
selected  plots  in  the  experimental  field  at  Rothamsted,  as  a  ba£ 
for  the  annual  estimation  of  the  yield  per  acre  of  the  Unit« 
Kingdom. 

We  will  now  consider  how  far  the  estimates  of  the  total  hon 
crop  available  for  consumption  arrived  at  as  above,  togeth 
with  the  actually  returned  net  imports  each  year,  indica 
amounts  consumed  per  head  of  the  population  from  home  ai 
foreign  sources  respectively,  and  from  the  two  together,  whi 
confirm  the  estimates  that  have  been  annually  made  of  the  tot 
requirement  per  head  of  the  population. 

Table  II.  (p.  23)  shows,  for  each  of  the  first  four  eight-yeAr 
periods,  for  the  next  five  years,  and  for  the  total  thirty-sev< 
years,  also  for  the  last  three  years,  and  for  the  total  period 
forty  years,  the  amounts  of  wheat  available  for  consumption  p 
head  per  annum,  from  home  and  frcm  foreign  sources  respectivel 
and  from  both  together,  according  to  the  estimates  of  the  honi 
the  actual  records  of  the  foreign  supplies,  and  the  returns  of  tl 
population,  as  given  in  the  Appendix-Table  I.  (p.  58) ;  and, 
the  last  column  of  the  Table  there  are  given  for  comparison,  tl 
averages  for  each  period  of  the  annually  adopted  estimates  of  tl 
total  requirement  per  head  of  the  population.  It  should  be  add< 
that,  in  these  calculations  relating  to  our  past  estimates,  ti 
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popnlation  for  each  year  has  been  taken  as  adopted  in  oar  previous 
papers  and  annual  estimates,  which  are,  as  has  been  explained, 
subject  to  alteration  in  accordance  with  corrections  made  from 
time  to  time  by  the  Registrar-General,  and  which  will  be  carried 
out  in  subsequent  Tables. 

The  first  point  to  notice  in  the  Table  is  the  marked  reduc- 
tion from  period  to  period  in  the  amount  and  proportion  of  the 
total  requirement  for  consumption  which  is  supplied  by  the 
home-crop.  Thus,  according  to  the  figures,  3*74  bushels  were 
obtained  per  head  per  annum  from  the  honie  produce  over  the 
first  eight  years,  and  only  183  bushel,  or  less  than  half  as  much, 

Tablk   II. 
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o^^f  the   last   eight  years  of  the  forty.     On  the  other  hand, 

imports  supplied  an  average  of  only  1-33  bushel  per  head  per 

a'lnutii  over  the  first  eight  years  of  the  forty,  and  3  83  bushels, 

or  not  much  less  than  three  times  as  much,  over  the  last  ei^ht. 

Let  us  now  turn  to  the  third  column,  showing  the  total 

*^ounts  available  per  head  per  annum  from  home  and  foreiga 

sources  taken  together,  and   compare  the  results  there  given 

^ith  those  for  the  same  periods  in  the  last  column,  according  to 

^hich  the  estimates  of  the  requirement  for  consumption  have 

*^n  calculated  each  year  as  forecast.     It  is  seen  that,  over  each 

of  tile  five  eight-yearly  periods,  the  amounts  calculated  from  the 

^imated  home-crop  and  the  subsequently  recorded  imports, 

C 
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agree  almost  absolutely  with  the  annually  adopted  estimates  f 
the  same  periods.  For  reasons  already  explained,  howev( 
when  considering  the  results  in  Table  I.,  the  amounts  calculat 
as  available  per  heal,  from  home  and  foreign  sources  togeth( 
are  pretty  certainly  too  low  for  the  first  five  years  of  the  la 
eight,  and  too  high  for  the  last  three  years.  But,  as  will  1 
seen  in  the  bottom  lines  of  the  Table,  the  amount  calculated 
available  per  head  per  annum  over  the  last  eight  years,  that  i 
taking  the  five  years  and  the  three  years  together,  is  almo 
identical  with,  but  very  slightly  in  excess  of,  the  annual 
adopted  estimate  for  the  period  ;  the  average  amount  calculat* 
as  available  being  5*66  bushels,  and  the  estimate  for  the  peri 
annually  adopted  as  forecast  being  5  Go  bushels.  Lastly,  L 
average  consumption  per  head  per  annum  over  the  forty  yee 
is  5*50  bushels,  reckoned  from  the  amounts  available  from  hoi 
produce  and  imports  together,  and  it  is  absolutely  the  sai 
taking  the  average  of  the  annually  adopted  estimates  of  requii 
ment  per  head  over  the  same  period. 

Such,  then,  is  the  accordance  of  the  estimate  of  the  cci 
sumption  per  head  per  annum  of  the  population,  founded 
the  amounts  of  wheat  available  from  home  and  foreign  source 
with  the  annually  adopted  estimates  of  the  requirement  p 
head.  It  is  to  be  remembered  that  these  estimates  of  the  pa 
are  on  the  assumption  of  60§  lb.  per  bushel  for  the  doubde 
somewhat  drier  foreign  wheat,  and  of  61  lb.  per  bushel  for  tl 
produce  of  the  home  crop. 

• 

!Effects  of  the  Application  to  our  previous  Recor 
AND  Estimates  of  the  recently  adopted  Standar 
OR  Corrections. 

We  have  now  to  consider  the  difierences  which  the  chang 
in  the  weight  per  bushel  of  wheat,  and  in  the  relation  of  flo 
to  wheat,  which  have  been  recently  adopted,  and  also  the  a 
rections  in  the  number  of  the  population  which  have  be 
referred  to,  would  make  in  our  results  over  the  last  forty  yea 
if  these  various  alterations  were  adopted  throughout  in  t 
l*ecords  and  estimates  of  the  past,  as  it  is  proposed  they  shall 
in  those  of  the  future. 

Appendix-Table  II.  (facing  p.  58)  gives,  in  precisely  tl 
same  form  as  in  Appendix-Table  I.  (p.  58),  the  results  for  t 
forty  years  as  to  the  estimated  home  produce,  the  amount  of 
available  for  consumption,  the  imports,  the  total  available  suppl 
the  population,  and  the  amounts  available  per  head  per  annui 
but  with  the  home  produce,  both  per  acre  and  aggregate,  and  t 
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mportB,  reckoned  at  60  lb.  per  bushel  instead  of,  as  formerly,  the 
omeat  61  lb.  and  the  foreign  at  60§  lb.  per  bushel  ;  also  reckon- 
g  72  parts  "  wheat-meal  and  flour,"  instead  of,  as  formerly, 
077,  or  80  to  correspond  to  100  of  wheat;  and  lastly  with 
e  corrected  population.  It  also  shows  the  percentage  of  the 
"tictal  available  supply  from  home  and  foreign  sources  respectively. 
Appendix-Table  II.  further  shows  the  average  Gazette  price 
of  the  home  wheat  per  quarter ;  and  the  calculated  price  pe^ 
cjoarter  of  the  imported  wheat,  according  to  the  Trcuie  and 
JNavigaium  Returns^  as  will  be  explained  farther  on,  for  each 
luffvest-year  ;  the  aggregate  value  of  the  wheat  available  within 
,ch  harvest-year,  both  home  and  imported ;  also  the  aggre- 
value  of  the  wheat  estimated  to  be  required,  and  the  value 
r  head,  each  year. 

Before  referring  to  the  general  and  very  important  indica- 
ons  of  this  very  comprehensive  Table,  it  will  be  well  to  discuss 
tilae  influence,  on  the  results,  of  the  several  individual  alterations 
adopted  in  it. 

First  as  to  the  population : — The  basis  of  the  corrections 
siibsequently  adopted  by  the  Registrar-General  has  already  been 
ejq)lained  (p.  4).  It  would  serve  little  useful  purpose  to 
take  up  space  by  showing  the  coiTections  for  each  individual 
year,  but  a  comparison  of  the  columns  showing  the  population 
^ach  year,  in  the  Appendix-Table  I.  uncorrected,  and  in  the 
-A-ppendix-Table  II.  corrected,  will  supply  detailed  information  on 
^he  point.  It  will  suffice  here  to  point  out  the  direction  and  range 
^f  the  alterations  over  the  several  periods. 

In  the  intercensal  years  from  1861  to  1871,  and  from  1871 
^Q  1881,  there  is  a  progressively  increasing  addition  made  from 
^'^e  first  to  the  last  year  from  census  to  census  in  each  case. 
^Tiis  ranges  over  the  first  of  the  two  intercensal  periods,  from 
^tween  2,000  and  8,000  in  the  first,  to  more  than  400,000  in 
*he  last  year  of  the  ten ;  and  over  the  second  of  these  periods 
P^ten  years  each,  from  about  26,000  in  the  first  to  about  18,000 
^  the  last  of  the  ten  years.  On  the  other  hand,  from  1881  to 
^890  inclusive,  there  is,  instead  of  an  addition,  a  reduction  in  a 
heater  proportion  than  the  former  additions.  The  reduction 
^tiges  from  about  72,000  in  1882,  to  nearly  740,000  in  1890. 

These  statements  relate  to  the  returns  of  the  Registrar- 
general,  given  for  the  middle  of  the  year,  that  is,  for  the  end  of 
^^ne  in  each  case.  But  it  is  to  be  borne  in  mind  that,  in  our 
-'^^bles,  the  figures  are  given,  not  for  the  middle  of  the  civil, 
^^t  of  the  harvest-year;  that  is,  for  the  end  of  February. 
^e  effects  of  the  corrections  above  referred  to  on  our  eight- 
y^rly  periods  of  harvest-years  are  as  follows : — Over  the  eight- 
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yearly  period,  1852-3  to  1859-60,  no  alteration  is  m 
Over  the  second  period,  from  1860-1  to  1867-8,  with  anave 
population  of  between  29  and  30  millions,  the  corrections  s 
a  progressively  higher  population  than  the  original  retu 
ranging  from  under  2,000  in  the  first,  to  nearly  300,000  in 
last  of  the  eight  harvest-years,  and  an  average  annual  addi 
of  about  132,000.  Over  the  third  period,  1868-9  to  187 
there  is  still  a  progressively  increasing  addition,  amountinj 
about  400,000  in  the  second  harvest-year ;  and  then,  after  'tii 
census  of  1871,  there  is  at  first  a  comparatively  small  incre^iks 
which  only  reached  about  105,000  in  the  eighth  year.  O  v 
the  whole  period  of  eight  years,  with  an  average  populatiorx 
nearly  32,000,000,  the  average  annual  increase,  according  to  ±1 
amended  as  compared  with  the  original  returns,  amounts  i 
about  156,000.  Over  the  fourth  period,  from  1876-7  1 
1883-4,  there  is  some  increase  over  the  five  years  up  to  tl 
census  of  1881,  and  afterwards,  that  is,  over  the  last  thre 
years  of  the  period,  a  greater  annual  reduction ;  the  resuJ 
being  that,  with  an  average  population  of  rather  more  thai 
34,500,000,  the  corrections  add  an  average  annual  number  o 
less  than  12,000.  Lastly,  over  the  last  eight  years,  1884-5  ti 
1891-2,  there  is,  up  to  the  census  of  1891,  a  consideraW* 
deduction  to  be  made  from  the  earlier  returns,  amounting  t( 
more  than  700,000  in  1889-90;  but  afterwards  the  reductiioi 
is  quite  insignificant.  The  general  result,  so  far  as  this  1-^ 
eight-yearly  period  is  concerned,  is  that,  with  an  average  pc^^^ 
lation  of  about  37,000,000,  the  corrected  figures,  compafc.^*^ 
with  the  earlier,  show  an  average  annual  reduction  of  al^^>^ 
370,000. 

Taking  the  results  for  the  forty  years,  the  corrections  in  "* 
direction  of  increase  are  so  far  compensated  by  those  in  ^ 
direction  of  reduction,  that  over  the  whole  period  they  indict 
an  average  annual  reduction  which  amounts  to  only  a 
14,000.  It  will  not  be  surprising,  therefore,  that  although 
uncorrected  and  the  corrected  figures  for  the  population  s 
some  slight  difference  in  the  calculated  amount  of  wheat  availa^  — 
for  consumption  per  head  over  individual  periods,  they  m 
none  whatever  when  the  average  is  taken  over  the  forty  y 
This  is  illustrated  in  Table  III.  on  the  opposite  page.  _ 

It  should  be  understood  that  the  figures  in  the  Table  (III 
relate  to  the  amounts  of  wheat  available  as  recorded  in  Append^ 
Table  I.  (p.  58),  that  is,  without  any  alteration  from  the  hither^ 
adopted  relation  of  imported  flour  to  wheat,  and  weights  p^ 
bushel  of  61  lb.  for  home,  and  of  60§  lb.  for  foreign  whei^ 
Indeed,  the  figures  in  the  first  column  are  precisely  th& 
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9  those  given  in  Table  11.  (p.  23) ;  aud  those  in  the  second 
re  only  altered  in  accordance  with  the  corrected  number  of  the 
crpnlation.  It  will  be  seen  that  whilst  over  the  first  and 
>orth  periods  the  two  columns  show  identical  amounts,  over 

Table  III. 


i 

Total  wheat  available  for  con- 

sumption per  head 

Calculated  on 

Calculated  ou 

population  as 

corrected 

formerly  giyen 

populatioo 

Bushels 

Averages  for : — 

8  years  1852-3  to  1859-60   . 

607 

607 

8      „     1860-1  „  1867-8     . 

5-49 

6-47 

8      „     1868-9  „  1875-6     . 

6-59 

5-66 

8      „     1876-7  „  1883-4     . 

6-66 

5-66 

8      „     1884-6  „  1891-2     . 
40      „     1852-3  „  1891-2     . 

666 

6-72 

^ 

6-50 

6-60 

^o  second  and  third  periods,  the  second  (corrected)  shows 
lightly  lower  figures,  and  over  the  fifth  period  the  second 
^Inmn  shows  a  slightly  higher  amount.  The  two  calculations 
*fcow,  however,  absolutely  identical  amounts  reckoned  over  the 
'otal  period  of  forty  years. 

The  next  point  to  consider  is  the  effect,  upon  our  past  esti- 
'^^fttes,  of  the  amount  of  wheat  availabler  for  consumption,  of  the 
Jtered  relation  recently  adopted  by  the  Boards  of  Ti-ade,  Cus- 
•^^8,  and  Agriculture,  in  calculating  the  imported  "  wheat-meal 
^d  flour  "  into  their  equivalent  of  wheat. 

We  have  been  informed  that  wheat  imported  as  wheat  and 
^turned  in  cwts.  was,  until  recently,  converted  into  quarters  by 
Multiplying  the  cwts.  by  3  and  dividing  by  13.  This  gives 
'^  weight  of  the  quarter =485^  lb.,  corresponding  to  60§  lb. 
®^  bushel.  Throughout  the  period  of  our  inquiry,  we  have 
"•^uently  checked  the  relation  between  the  oflScial  returns  of 
sported  wheat  in  cwts.  and  its  recorded  equivalent  in  quarters, 
^4  we  have  always  found  it  to  be  that  above  stated.  Wheat 
"Sported  as  wheat  has,  therefore,  been  recorded  in  quarters  of 
^\  lb.  per  bushel. 

Then  as  to  the  calculation  of  imported  "  wheat-meal  and 
^Hr  ^  into  its  equivalent  of  wheat.  In  Vol.  VI.  of  Tooke  and 
'^wmarch's  History  of  Prices,  published  in  1857,  they  say 
Pp.  466-7),  that  *' flour"  returned  in  cwts.  is  calculated  into 
^perial  quarters  of  wheat  at  the  rate  of  3^  cwts.  of  flour  from 
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a  quarter  of  wheat.     Now,  taking  3^  cwts.  of  flour =392  11 
and  a  quarter  of  wrheat  at  the  so  long  adopted  weight  of  60|  1 
per  bushel =485^  lb.  per  quarter,  the  relation  is  100  of  wheat  f 
80* 7  7  flour.     This  is  exactly  the  relation  which  we  find  to  ho 
good  in  the  official  returns  of  flour  in  cwts.,  and  its  equivale: 
in  quarters  of  wheat,  for  about  the  latter  half  of  the  period 
our  inquiry  ;  but,  at  any  rate  in  some  of  the  previous  years,  ti 
relation  has  been  80  parts  of  flour  to  100  of  wheat,  instead 
8077  to  100.     Indeed,  it  is  stated  at  the  head  of  the  Tables 
some  of  the  numbers  of  the  Statistical  Abstract  that  1   cv 
of  imported  flour  is  reckoned  as  equivalent  to  1  ^  cwt.  of  whea 
and  when  the  returns  are  so  given,  we  have,  for  the  purposes 
our  estimates,  calculated  the  cwts.  of  wheat  so  obtained  in 
quarters  of  488  lb.,  corresponding  to  61  lb.  per  bushel, 
makes,  in  fact,  comparatively  little  difference  in  the  number 
quarters  of  wheat,  whether  flour  is  reckoned  into  wheat  at  tl 
rate  of  80*77  flour  to  100  wheat,  and  the  wheat  in  quarters 
485^  lb.  =  60f  lb.  per  bushel,  or  whether  80  flour  to  100  whe« 
and  quarters  of  488  lb.  =  61  lb.  per  bushel,  be  adopted. 

Such  were  the  relations  adopted  in  the  official  returns 
imported  wheat,  and  of  imported  "  wheat-meal  and  flour," 
the  conversion  and  representation  of  them  in  quarters  of  whe 
up  to  1890  inclusive.  Commencing  with  1891,  however,  whe 
has  been  reckoned  in  quarters  of  60  lb.  per  bushel =480  lb.  p 
quarter,  and  72  instead  of  80*77  parts  by  weight  of  import 
flour  have  been  reckoned  jas  equivalent  to  100  of  wheat.  Furth( 
it  is,  we  are  informed,  proposed  to  correct  the  figures  whi- 
relate  to  1890  and  1889  in  future  issues  of  the  accounts  up 
the  same  basis  ;  and  also,  in  summarising  the  imports  of  whe 
and  flour  as  wheat  for  a  series  of  fifteen  years,  as  is  annua] 
done  in  the  Statistical  Abstract  for  the  United  Kingdom, 
raise  the  equivalent  1  per  cent,  each  year,  for  the  nine  yei 
1888  to  1880  inclusive;  thus,  in  1888,  73  flour  for  100  wh( 
will  be  taken,  in  1887,  74  flour,  and  so  on,  until  in  1880  t 
old  figure  of  80*77  is  reached  ;  but  earlier  than  this  no  chan 
will  be  made. 

The  question  obviously  arises — how  far  the  necessity  for  t 
change  is  due  to  corresponding  real  differences  in  the  yield 
flour  obtained  in  the  earlier  and  in  the  later  years  ?  It  is  qti 
certain  that  80*77  parts  by  weight  of  ordinary  bread-flour  hi 
not  been  obtained  from  100  of  wheat ;  and  as  in  the  ofllc 
returns  of  the  Board  of  Trade  the  imports  have  generaUy  be 
designated  as  "  Wheat-meal  and  Flour,"  the  question  is  si 
gested  whether  any  material  quantity  of  wheat-meal  prope 
80  called — that  is,  simply  the  ground  grain,  of  which  the  lat 
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odd  of  course  yield  cent,  per  cent.,  less  the  small  loss  in  grind- 
g— be  included.     On  this  point  we  are  informed  that  the 
ports  of  wheat-meal  are  quite  insignificant.     The   question 
ill  remains — whether  the  imports  included  any  large  propor- 
on  of  flour  of  lower  grades,  or  of  pollards  ?     Here,  again,  we 
informed   that    pollards    are  returned    as    such,    and    not 
eluded  under  the  designation  of  flour.     Then  it  is  to  be  ob- 
rved  that,  so  long  ago  as  1857,  Tooke  and  Newmarch  desig- 
nated the  imports  as  "  flour,"  and  gave  the  relation  of  3^  cwt. 
C  flour  to  a  quarter  of  wheat  as  the  basis  of  the  conversion  ; 
xid,  as  has    been    seen,  this  relation   has  substantially  been 
€3opted  up  till  quite  recent  years. 

Upon  the  whole,  therefore,  we  conclude    that  the  change 

ntly  adopted  is  a  real  correction  of  an  estimate,  dating  from 

e  time  of  the  first  adoption  of  the  rough  and  ready  reckoning 

3^  cwt.  of  flour  to  a  quarter  of  wheat.     We  think,  however, 

t»liat  72  for  100  of  wheat  is  probably  somewhat  too  low  for  the 

average  of  imported  flours ;  and  that  at  any  rate  73,  if  not  even 

^    rather    higher  figure,  would   probably  better  represent  the 

^elation  in  the  case  of  imported  flours.     That  English  millers 

consider  the  figure  72  too  high,  judged  by  the  yield  in  this 

csoiintry,  seems  irrelevant  to  the  present  question,  which    has 

^^ference  to  imported  flour  alone.     About  three-fourths  of  the 

tiour  imported  into  the  United  Kingdom  come  from  the  United 

States,  and  from  our  own  inquiries  we  are  led  to  believe  that, 

tKDth  at  Minneapolis  and  at  San  Francisco,  the  yield  of  barrelled 

flour  for  export  is  certainly  not  less  than  72  from  100  of  wheat. 

Tien  about  10  per  cent,  of  our  imports  come  from  Austrian 

^^^rritories,  and  the  average  yield  there  is  probably  at  least  74 

I^^rts  of  flour  from  100  of  wheat. 

Under  all  the  circumstances,  therefore,  we  have  decided  that 

^^  m  our  revised  Table  we  assume  the  now  adopted  figure  of  72 

"our  for  100  wheat  as  applying  to  the  returns  of  imported  wheat 

Qour  from  the  period  of  the  commencement  of  our   inquiry, 

f^^mely,  the  harvest-year  1852-3,  for  the  whole  forty  years  end- 

^^g  1891-2,  we  shall  probably  bring  the  figures  more  nearly 

^^to  harmony  with  the  actual  facts,  than  by  adopting  any  com- 

T^iX)mi8e  or  partial  scheme  founded  on  probably  more  uncertain 

^^ta.    A  further  reason  in  favour  of  the  plan  proposed  is  that, 

'^^  will  be  seen  presently,  the  amount  of  wheat  represented  by 

^^ported  flour  bears  but  an  insignificant  proportion  to  the  whole 

S^ntity  available  from  all  sources  in  the  earlier  years,  and  a 

Penally  increasing  one  up  to  the  present  time.    The  consequent 

•    alteration  in  the  records  for  each  individual  year  of  the  forty 

^iU  be  seen  on  comparing  the  uncorrected  results  given  in 
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Appendix-Table   I.  (p.  58).  with  the  corrected  ones  in  A_ 
peiidix-Table  II.  (facing  p.  58). 

The  following  Table  (IV.)  summarises,  for  each  eight-yearl 
period,  and  for  the  forty  years,  the  effect  on  the  results  of  adopi 
ing  throughout,  72  flour  for  100  wheat,  instead  of,  as  formerl; 
taking  3^  cwt.  flour  to  a  quarter  of  wheat,  corresponding  1 
80- 7 7  flour  to  100  wheat.  The  first  column  shows  the  ayeraj 
amount  of  wheat  per  annum  for  each  period,  due  to  importc 
flour  on  the  old  calculation,  and  the  second  column  corresponi 
ing  results  on  the  new  basis.  The  right-hand  division  of  tl 
Table  shows — in  the  first  column  the  total  available  supplies 
wheat,  home  and  foreign  together,  with  the  imported  floi 
reckoned  according  to  the  old  factor ;  in  the  second  column  tl 
same,  but  with  imported  flour  reckoned  into  wheat  by  the  ne 
factor ;  and  in  the  last  column  the  difference.  In  all  cases  tl 
imported  wheat  is  reckoned  in  quarters  of  485 J  lb.,  which  corr 
spond  to  60§  lb.  per  bushel. 

Table  IV. 


Averages  for : — 

8  years  1852-3  to  1859-CO  . 

8 


Imported  wheat-meal 
and  flour,  as  w)>cat 


3|  cwt. 

wheat 

floor  = 

1  qr. 

wheat :  or 

80-77  to 

100 


w 


1860-1  „  1867-8 

1868-9  „  1875-6 

«      „     1876-7  „  188S-4 

8      ..     1884-5  „  ISSl'-a 


40     «.    1852-3  „  1891-S 


Quarters 
9J8.900 
1,404,657 
1,431.768 
3,189,854 
4,630,006 


73  flour  t-o 
100  wlieat 


Total  available  wheat,  home 
aiid  imported 


3^  cwt. 

wheat 

flour  s 

1  qr. 

wheat ;  or 

80-77  to 

100 


Qua)  ter's 
l,04S.*ia5 
1.676.738 
l,609.f.04 
3,622  172 
6,103,1>17 


72  flour  to 
100  wheat 


Quarters 
17,814,000 
20,301.l»9» 
22,219,508 
24,499,335  I 
26,438,261  | 


Quartern 
17,927.136  I 
20  472,180 
22.394,254  I 
34.881,753 ' 
27,002,172 


New  ca! 
culAtioi 
-I-  or  - 
old 


Quarter 
-I-113.I3 
-»-171,<j8 
-»- 174,741 
4-38*2  411 
-|-563.!>1 


3,307,635  I  3,588,C93  |  22,254,441    32,635,499,  +381,05- 


The  first  two  columns  show  that,  over  the  first  eight  year- 
1852-3  to  1859-60,  the  amount  of  wheat   due  to   imports 
flour  was  less  than   1,000,000  quarters ;  during  the  next  ti^ 
eight-yearly  periods  it  rose  to  about  1  i  million  quarters ;  dua 
ing  the  fourth  period  to  considerably  over  8,000,000,  or  mo- 
than  twice  as  much  as  formerly,  and  over  the  last  eight  years 
about  5,000,000  quarters,  or  about  1^  time  as  much  as  over  tl 
immediately  preceding  eight  years.     Lastly,  the  average  p 
annum  over  the  total  period  of  forty  years  has  corresponded 
rather  under  2^  million  quarters  according  to  the  old,  and 
over  2^  million  quarters  according  to  the  new  calculation. 
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Turning  to  the  results  given  in  the  last  three  columns  of  the 

Table,  we  there  see  the  influence  of  the  alteration  on  the  estimate 

of  the  total  available  annual  supply  of  wheat  from  all  sources  ; 

the  last  column  showing  the  increase  over  the  former  estimates 

of  the  supply,  on  the  assumption  that   the   new   calculations 

more  nearly  represent  the   truth.      It   will   be   seen  that  the 

change   represents  an  annual  increase  of  supply  over  former 

reckonings   of   about    113,000    quarters   over   the  first   eight 

years,  of  about    171,000   over  the  second,  of  nearly  175,000 

over  the  third,  of  more  than   382,000  over  the  fourth,  and  of 

nearly  564,000   over  the  fifth  eight-yearly  period.     Large  as 

these  amounts  seem,  especially  in  the  later  periods,  it  is  satis- 

fictory  to  know  that  they  represent   an   increase  in  the  total 

supply  of  only  about  0*64  per  cent,  over  the  first  eight  years, 

0*84  per  cent,  over  the  second,  0*79  per  cent,  over  the  third,  1*56 

over  the  fourth,  and  2*13  per  cent,  over  the  fifth  eight-yearly 

period ;  whilst  over  the  forty  years  they  represent  a  difierence  of 

only  1*26  per  cent. 

Nevertheless,  these  quantities  do  represent  a  veritable  and 
iiot  immaterial  amendment  of  the  former  estimates.  The  effect 
of  the  adoption  of  the  change  on  our  previous  estimates  of  the 
^verage  annual  consumption  of  wheat  per  head  of  the  population 
IB  brought  to  view  in  Table  V.  The  first  column  shows  our 
Annually  adopted  estimates  of  the  consumption  per  head ;  and 
the  remaining  columns  the  amounts  available  per  head.  The 
second  column  shows  the  amounts  of  the  total  available,  derived 
from  the  home  produce;  the  third  and  fourth  the  amounts 
derived  from  imports,  according  to  the  old  and  the  new  calculation 

Table   V. 


^^^^fS^  for : 

f  >'«^.  I852I3  to  1859-60 


a 

8 
8 
8 

40 


1860-1  ,.  1867-8 


»( 


•.     1868-9  ,.  1870-6 


t» 


»»     1876-7  „  1883-4 
•.     1884-6  „  1891-2 


••    1862-3  „  1891-2 


Adopted 
average 
con- 
sump- 
tion 
per 
head 


Bushels 

610 
6-60 
6-60 
6-65 
6-66 


6-60 


Available  for  consumption  per  head 


From 

home 

produce 


Bushels 

3-74 
3-31 
2-93 
203 
1-83 

277 


From  imports 


80-77 
flour  to 

lUO 
wheat 


Bushels 

1-33 
218 
2-66 
3-63 
3-83 


273 


72 

flour  to 

100 
wheat 


Bushels 

1-36 
2-23 
2-70 
3-71 
3-96 

279 


Total  from  home 
produce  aud  imports 


80*77 
flour  to 

100 
wheat 

Bushels 

607 
6-49 
6-69 
5-66 
660 


6-60 


72 

flour  to 

lUO 
wheat 


New 

results 

+  or  - 

old 


Bushels '  Bnshds 


610 

-fOOB 

5-54 

+  005 

663 

-I-0-04 

5-74 

■fO-08 

6-78 

-1-012 

6-66 


-f0  06 
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respectively ;  and  the  fifth  and  six  columns  the  total  amounts 
available  per  head  from  home  and  foreign  sources  together,  alsc 
respectively,  according  to  the  old  and  the  new  calculations ;  and 
the  last  column  shows  the  increase  in  the  available  total  suppl]^ 
per  head  per  annum,  according  to  the  new  as  compared  with  the 
old  calculations. 

In  the  first  place  it  is  to  b^  observed,  that  the  estimates  oi 
the  average  amounts  available  per  head  over  the  differenl 
periods  from  home  produce,  are,  of  course,  in  no  way  affected  bj 
the  alteration  in  the  calculation  of  the  imports.  It  is  seen 
however,  comparing  the  third  and  fourth  columns,  that  there  is 
over  each  period,  a  slight  increase  in  the  estimated  amount  o: 
the  supplies  from  foreign  sources,  due  to  the  alteration  in  th( 
calculation  of  the  amount  of  wheat  corresponding  to  the  import! 
of  flour.  There  is  necessarily  the  same  amount  of  increase 
shown  on  comparing  the  fifth  and  six  columns,  which  repre- 
sent the  total  quantities  annually  available  per  head  over  eacl 
period,  according  to  the  old  and  the  new  calculation  respectively 
The  actual  amount  of  increase  indicated  as  due  to  the  ne\^ 
mode  of  estimate  is  shown  in  the  last  column.  It  is  seen  t< 
be  small  over  the  first,  second,  and  third  periods,  but  greate: 
over  the  fourth,  and  greater  still  over  the  fifth,  amounting  thei 
-to  0'12  bushel  per  head  per  annum. 

On  this  point  it  may  be  observed,  that  the  annually  adoptee 
estimates  for  the  last  eight-yearly  period  show  an  average 
annual  requirement  of  5*65  bushels,  whilst  the  amount  calcu* 
lated  from  the  available  supplies  of  home  and  foreign  wheat 
and  the  population,  show,  for  the  same  period,  according  to  th< 
old  calculation,  5*66,  and  according  to  the  new  5*78  busheli 
per  head.  It  may  be  of  interest  to  state,  however,  that  ai 
increase  in  the  consumption  of  0*12  bushel  per  head  on  a  popn 
lation  of  about  37  millions,  which  was  approximately  the  average 
for  the  period,  represents  an  increase  in  the  annual  requiremen' 
of  about  564,000  quarters  on  the  previously  estimated  amoun' 
of  nearly  26,500,000  quarters. 

It  will  be  obvious  that  the  change  in  the  estimates  of  th< 
total  amount  of  wheat  annually  available  for  consumption,  anc 
of  the  annual  consumption  per  head  accordingly,  in  no  waj 
vitiates  the  significance  of  the  accordance  of  the  estimates  o 
consumption  and  of  requirement  hitherto  annually  made,  witl 
the  amounts  subsequently  recorded  as  available.  But  it  will  b 
equally  obvious  that  it  implies  a  real  change,  not  only  in  th< 
figures  previously  adopted,  but  in  the  actual  quantities  the] 
represent  on  the  two  points.  It  is  to  be  borne  in  mind  that  ii 
all  the  foregoing  summary  Tables,  the  old  reckoning  of  61  lb 
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bosliel  for  home  produce,  and  of  60f  lb.  per  bushel  for  im- 
ported wheat,  are  adopted;  and  the  last  two  summary  Tables 
(IV.  and  V.)  indicate  the  extent  of  the  change  expressed  in 
qaarters,  or  bushels,  of  the  aboye-mentioned  weights  per  bushel. 
The  amounts  so  expressed,  of  course,  represent  a  real  increase, 
l3oth  in  the  aggregate  quantities  available,  and  in  the  consump- 
t:ion  per  head,  compared  with  those  previously  assumed.  On 
'tilie  other  hand,  although  the  adoption  for  the  past,  as  in  the 
-Appendix-Table  II.  (facing  p.  58),  and  in  all  future  estimates 
a.s  we  propose,  of  a  uniform  weight  of  60  lb.  per  bushel,  both  for 
lioine  and  for  foreign  wheat,  will  materially  alter  the  figures, 
tlie  alteration  so  made  will  not  represent  any  change  in  actual 
quantity. 


The  Results  for  the  Forty  Years,  according  to  the 
recently  adopted  standards  or  corrections. 

We  have  now  discussed  the  influence,  on  our  former  estimates, 
^^  corrections  made  by  the  Registrar-General  of  the  originally 
^^corded  numbers  of  the  population,  and  it  has  been  shown  to 
P^  comparatively  immaterial.  We  have  also  considered  the 
influence  on  the  past  estimates,  of  the  change  adopted  by  the 
I^^partments,  in  the  calculation  of  imported  flour  into  its  equi- 
^^l©nt  of  wheat,  and  this  has  been  found  to  involve,  though  a 
cooQparatively  small,  yet  by  no  means  an  immaterial,  correction. 
^^e  propose  now  to  apply  the  weight  of  60  lb.  per  bushel  to  the 
^hole  of  the  estimates  for  the  past  forty  years,  an  alteration 
^^hich,  as  we  have  pointed  out,  involves  no  change  in  actual 
^^antity,  but  only  in  the  mode  of  representation  ;  and  it  is  from 
^*^^  results  as  so  calculated,  that  we  shall  draw  illustrations  as 
^^  the  bearing  and  the  importance  of  the  facts  which  the  inquiry, 
^^tended  over  so  long  a  period,  brings  to  light.  We  shall  also 
P^int  out  what  changes  will  be  adopted  in  future  estimates. 

As  already  intimated,  the  Appendix-Table  II.  (facing  p.  58) 
S^ves  the  whole  of  the  results  for  the  forty  years,  embodying  the 
^^irections  in  the  number  of  the  population  which  have  been 
^^ferred  to,  those  due  to  the  altered  estimate  of  the  relation  of 
**Our  to  wheat,  and,  lastly,  adopting  a  weight  of  60  lb.  per 
^^shel  for  both  the  home  produce  and  the  imported  wheat. 
"^Or  the  details  the  reader  is  referred  to  the  Table  itself;  but, 
^^  in  the  discussion  of  the  various  points  hitherto,  the  bearing 
^^  the  various  results  will  be  founded  on  summaries  from  the 
^Qtailed  Table,  which  will  be  embodied  in  the  text. 
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Area  under  Wheat  in  the  United  Kingdom. 

The  following  Table  (VI.)  shows  the  average  area  under  t 
crop  in  the  United  Kingdom  for  each  of  the  five  eight-yeai 
periods,  and  for  the  total  period  of  forty  years. 

Table   YI. 


:Ahe 

rly 


tt 


ft 


It 


Averages  for: — 

8  years  1862-3  to  1869-60. 

8   „  J  860-1  ..  1867-8  . 

8 

8 

8 

40 


1868-9  „  1876-6 
1876-7  „  1883-4 
1884-6  „  1891-2 


»» 


1852-3  „  1891-2 


Average  area 

under  wheat  in 

the  United 

Kingdom 


Acres 

4,092,160 
3,753,011 
3,788,132 
3,091.310 
2.512,924 


3,447,607 


Increase  or 

decrease  over 

each  period 

of  8  5'ear8 


Acres 


-339,149 
+  36,121 
-696,822 
-  678,386 


This  summary  Table  is  suflScient  to  bring  clearly  to  view 
very  great  decline  that  has  taken  place  in  the  area  under 
crop  during  the  forty  years.  But  the  better  to  understand 
causes  of  it,  it  is  necessary  not  only  to  study  the  figures 
the  individual  years,  but  to  consider  them  in  connection 
the  acreage  yield  of  the  crop,  the  imports,  and  the  average 
of  wheat.  Speaking  generally,  it  will  be  found  that  a 
yield,  or  relatively  high  price,  has  tended  to  check  reducti 
whilst  contrary  conditions  in  these  respects  have  had  the  e 
of  accelerating  it.  It  has  been  explained  at  pp.  5-6,  that  o 
the  first  fourteen  years  of  the  forty,  the  area  was  to  a  great 
estimated  only,  but  that  from  1866  up  to  the  present 
official  returns  have  annually  been  available.  These  circu^ 
stances  must,  of  course,  be  borne  in  mind,  and  must  prevent  ^ 
rigid  an  interpretation  of  the  exact  figures.  Still,  hav"i 
regard  to  the  unusually  high  yields  per  acre  in  1863,  1864,  ^> 
1865,  and  the  consequent  reduction  in  price,  there  is  no 
to  doubt  that  the  reduction  of  area  over  the  second  eight-ye 
period,  including  these  years,  which  the  figures  indicate,  &> 
stantially  represented  the  truth.  The  recovery  in  the  are>a  cj 
the  third  period  of  eight  years,  especially  in  the  first  and  sec^^^ 
years,  1868-9  and  1869-70,  is  obviously  a  natural  consequ^T^ 
of  the  higher  price  over  the  two  preceding  harvest-years ;  wl» 
the  general,  though  slight,  increase  throughout  the  period 
accompanied  with  fair  maintenance  of  price  up  to  nearly 
end  of  it. 
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is  the  sammary  shows,  it  is  over  the  fourth  and  fifth  periods 
the  very  great  decline  has  taken  place,  and  it  is  over 
9  that  the  very  marked  decline  in  price  prevailed.  Further, 
ia  within  the  fourth  period  that  the  disastrous  harvest  of 
)  occurred,  not  only  in  the  United  Kingdom,  but  in  Western 
)pe  generally.  This  led  to  some  increase  in  price,  and  to 
tly  increased  imports,  which,  with  the  exception  of  one  or 
years,  have  steadily  increased  ever  since.  In  fact,  it  was 
rery  bad  season  of  1879,  succeeded  by  several  of  less  than 
age  yield,  that  led  to  the  great  extension  of  exporting  areas 
ifferent  parts  of  the  world,  and  coincidently  to  a  great  re- 
ion  in  price  ;  and,  with  this,  to  a  great  reduction  of  area 
jr  the  crop  in  the  United  Kingdom.  Assuming  the  estimates 
•ea  in  the  earlier  years  to  be  approximately  correct,  it  would 
>ar  that  it  has  been  reduced  from  rather  more  than  4,000,000 
3  over  the  first  eight  years,  to  little  more 'than  2,500,000 
the  last  eight,  to  1891  inclusive;  whilst,  in  1892,  it  was 
c[uite  2,300,000  acres. 


iverage  Yield  of  Wheat  per  Acre  in  the  United  Kingdom. 

Table  VII.  shows  the  average  yield  of  wheat  per  acre  over  each 
t-yearly  period,  and  over  the  forty  years,  according  to  our 
lally  adopted  estimates  of  the  crop.  The  first  column  shows 
results  reckoned  in  bushels  of  61  lb.,  as  we  have  always 
erto  given  them,  and  the  second  in  bushels  of  60  lb.,  as 
n  in  Appendix-Table  II.,  and  as  it  is  proposed  in  future  to 

esent  them. 

Table  VII. 


Average  yield  of  wheat  per  acre 


Averages  for : — 

8  years  1852  to  1869 
8  „  1860  „  1867 
8  „  1868  „  1875 
8  „  1876  „  1883 
8   „  1884  ..  1891 


It 


40 


t> 


1852  .,  1891 


Bushels  of 
611b. 


Bushels  of 
601b. 


Bushels 


27-1- 
"'a 


Bushels 

28| 

28 

27| 

26 

29 


27J 


3ere.  again,  we  must  refer  to  the  Appendix-Tables  I.  and  II. 
he  yield  of  individual  years.  Referring  to  the  summaries  as  in 
e  VII.,  it  is  seen  that  the  first  two  eight-yearly  periods  show 
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fairly  uniform  average  amounts ;  the  second,  however,  rather  in( 
than  the  first.  The  third  period  gives  considerably  less,  t 
fourth  less  still,  and  the  fifth  period,  1884-91,  inclusive,  cc 
siderably  the  highest  of  the  five.  Directing  attention  first 
the  estimates  as  formerly  given,  that  is,  at  61  lb.  per  bushel 
is  seen  that  the  average  of  the  first  two  eight-yearly  periods  : 
dicates  somewhat  more  than  28  bushels  per  annum ;  and  up 
comparatively  recent  years  we  reckoned  the  general  avera 
yield  of  the  United  Kingdom  at  28^  bushels.  The  third  a 
fourth  periods  taken  together  show,  however,  an  average 
scarcely  25 J  bushels.  The  fifth  period,  on  the  other  hai 
shows  an  average  of  29|  bushels,  or  one  bushel  higher  than  ev 
the  highest  of  either  of  the  preceding  eight-yearly  periods. 

The  fact  is,  that  within  the  fifth  eight-yearly  period  the 
was  only  one  year  with  an  estimated  yield  of  less  than 
bushels;  whilst. the  second  eight-yearly  period,  which  gives  t 
next  highest  average,  although  it  included  two  years,  1863  a 
1864,  of  the  highest  yield  of  the  forty,  and  two  others  of  m( 
than  average  yield,  at  the  same  time  included  four  years  of  cc 
siderably  less  than  average.  There  can,  indeed,  be  no  dou 
that  the  eight  years  commencing  with  1884  and  ending  wi 
1891  gave  a  higher  average  yield  of  wheat  per  acre  than  a 
equal  period  of  the  forty  years.  Notwithstanding  this,  howev 
with  the  very  low  average  yields  over  the  third  and  foui 
periods,  the  average  of  the  forty  years  shows  only  27^  bush 
at  61  lb.  per  bushel,  against  rather  more  than  28  assumed 
be  the  general  average  of  the  country  over  the  early  years, 
course,  reckoned  at  60  lb.  per  bushel,  the  figures  are  so  mr 
higher ;  but,  even  so  reckoned,  the  average  yield  of  the  fo 
years  is  only  27|  bushels,  that  is,  less  than  28  as  formerly 
sumed,  whilst  the  average  yield  of  the  last  eight  years,  18^ 
91  inclusive,  is  29J  bushels,  or  2  bushels  more  than  1 
average  of  the  forty  years,  and  2^  bushels  more  than  over  i 
preceding  thirty-two  years. 

The  Aggi'cgate  Home  Crop,  and  the  Amount  of  it  available 

for  Consumption. 

The  next  Table  (VIII.)  shows,  for  each  of  the  eight-yea 
periods,  and  for  the  forty  years,  the  average  annual  total  ho 
produce,  calculated  from  the  recorded  area  under  the  crop,  i 
the  estimated  average  yield  per  acre;  also  the  amount  ol 
estimated  to  be  available  for  consumption,  after  deducting  fir 
the  total  the  amount  assumed  to  be  required  for  seed.  1 
first  two  columns  show  the  so-reckoned  total  and  availa 
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aixioimts  reckoned  at  61  lb.  per  bushel,  as  formerly,  and  the  last 
fciivo  in  each  case  at  60  lb.  per  bushel.  For  the  first  thiiiiy-five 
of  the  forty  years,  2\  bushels  per  acre  on  the  acreage  of  the 
yoar  have  been  deducted  from  the  total  home  crop  for  the 
Be«d  of  the  next  year,  but  for  the  last  five  years  only  2  bushels 
per  acre.  It  is,  of  course,  not  assumed  that  there  was  a  sudden 
oliange  at  that  period  ;  but,  believing  that  a  gradual  reduction 
lias  taken  place,  it  was  at  that  date,  that  is,  first  for  the  crop  of 
1. 887,  decided  to  reduce  the  amount  then  and  for  the  future. 

Table  VIII. 


Home  produce  of  wlieat 


At  61  lb.  per  buBhel 


Total 


Arailablefor 
consumption 


•'V'crages  for : — 
S  years  1862  to  1859  . 
«      „     1860  „  1867  . 
8      „     1868  „  1876  . 


8 


»» 


1876  ,.  1883 


»f 


1884  „  1891 


1852  „  1891 


Quarters 

14,310.779 

13,309,247 

12,684,765 

9,636,682 

9,208,029 


Quarters 

13,169,«59 

12,253,712 

11,619,353 

8,764,751 

8,549,916 


11,829,900   10,867.518 


At  60  lb.  per  bushel 


Total 


Quarters 

14.554,230 

13,523,034 

12,900,291 

9,793,979 

9,365,087 

12,027,324 


ATafla»)le  for 
consumptioD 


Quarters 

13,403.310 

12.467,499 

11,834,879 

8,922.986 

8,706,974 

11,067,130 


The  figures  show  an  average  annual  reduction  in  the  total 
le-crop  of  about  1 ,000,000  quarters  over  the  second  period 
^^oxnpared  with  the  first,  about  two-thirds  of  a  million  over  the 
"ttiixd  compared  with  the  second,  more  than  3,000,000  quarters 
over  the  fourth  compared  with  the  third,  but  less  than  half  a 
^^aillion  over  the  last  compared  with  the  fourth.     Of  course  these 
"J^^ciuctions  in  the  aggregate  produce  of  the  country  are  largely 
due  to  the  reduction  in  area  under  the  crop,  but  they  are  also 
largely  dependent  on  the  difierence  in  the  average  yield  per  acre 
over  the  diflTerent  periods.      Thus,  with  a  fully  equal — indeed, 
tHe  figures  show  a  slightly  higher — estimated  area  over  the  third 
Period  compared  with  the  second,  there  is  nevertheless  a  con- 
siderable relative  deficiency  in  the  aggregate  produce  of  the 
*^ird    period,  due   to   an    average  reduction  of    If  bushel   in 
the    yield   per   acre.     Then,   comparing  the   fourth    with    the 
third  period,  there  is  a  greater  average  reduction  in  area  than 
"^  «tny  other  case,  but  there  is  at  the   same   time  a  reduced 
yield   per  acre  of  IJ  bushel  ;    and  it  is  these  two  conditions 
^^bined  that  result  in  the  reduction  of  more  than  3,000,000 
V^arters  per  annum  in  the  aggregate  produce  over  the  fourth 
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period.  Lastly,  though  over  the  fifth  eight-yearly  period  there 
is,  compared  with  the  fourth,  a  very  large  average  annual 
reduction  of  area  under  the  crop,  amounting  to  more  than  half 
a  million  acres,  there  is,  at  the  same  time,  an  increase  of  4^ 
bushels  in  the  average  yield  per  acre  per  annum ;  and,  with  this, 
there  is  a  reduction  of  less  than  half  a  million  quarters  over  the 
fifth  period  compared  with  the  fourth,  instead  of  more  than. 
3,000,000  quarters  under  contrary  conditions  as  to  yield  per  acr^ 
over  the  fourth  compared  with  the  third  period. 

Not  only  is  there  the  great  reduction  in  the  aggregate  yield, 
of  the  home-crop  which  the  figures  in  Table  VIII.  show,  but 
examination  of  the  results  for  the  individual  years,  as  given  iim 
Appendix-Tables  I.  and  II.,  show  that  sometimes  during  tho 
earlier  years  the  home  produce  was  twice  as  much  as  in  somo 
of  the  individual  later  years. 

Comparing  column  with  column  in  Table  VIII,  it  is  seen 
that  reckoning  the  produce  at  60  lb.  instead  of  at  61  lb.  per  bushel . 
raises  the  number  of  quarters  by  which  an  equal  weighfl 
of  grain  is  represented  by  about  200,000  per  annum  on  a 
total  quantity  of  about  12,000,000  quarters,  or  by  about  1§ 
per  cent.  Next,  comparing  the  amounts  estimated  to  be  avail- 
able for  consumption,  deducting  from  the  total  the  requirement 
for  seed,  it  is  seen  that  over  the  first  three  periods  the  reductior: 
represents  an  average  of  more  than  one  million  quarters  pefli 
annum,  over  the  fourth  period  with  its  much  reduced  area,  yield 
and  aggregate  produce,  less  than  one  million  quarters,  over  the 
fifth  period  with  the  still  further  reduction  of  area  and  total  pro- 
duce, and  of  course  still  less  deduction  per  acre  for  seed,  onl;|^ 
about  two-thirds  of  a  million;  but,  over  the  forty  years,  ao 
average  of  nearly  one  million  quarters  per  acre  per  annum. 

The  figures  further  show  that  the  average  annual  amounts 
available  for  consumption  from  the  home-crop  were  only  abou^ 
two-thirds  as  much  over  the  last  sixteen  as  over  the  first  six- 
teen of  the  forty  years.  What  this  reduced  actual  supply  o: 
wheat  available  for  consumption  from  the  home-crop  represents 
when  considered  in  connection  with  the  coincident  increase  o' 
population,  and  therefore  of  requirement,  will  be  seen  farther  on- 

The  Imports  of  Wheat,  and  of  Flour  reckoned  as  Wheat. 

In  the  discussion  of  Table  IV.  (p.  30  and  context),  we  hav^ 
shown  tho  actual  increase  in  the  amount  of  wheat  available 
from  imported  flour,  due  to  adopting,  as  we  now  do,  the  relatioc 
of  72  flour  to  100  wheat,  instead  of  8077  to  100  as  formerly  , 
and  we  have  pointed  out  to  what  extent  this  change  increased 
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the  estimate  of  the  total  snpply  annaally  available  for  consamp- 
tion  from  all  sources,  home  and  foreign ;  and  we  must  refer  the 
reader  to  that  Table  and  discussion   for  further  particulars  on 
these  points.     Adopting  now  the  new  mode  of  computation, 
Table  IX.,  below,  shows  the  average  annual  net  imports  (im- 
ports less  exports)  of  wheat  and  of  flour  reckoned  as  wheat, 
over  each  of  the  eight-yearly  periods,  and  over  the  forty  years. 
The  quantities  are,  however,  given  both  in  quarters  reckoned  at 
^0§  lb.  per  bushel  as  formerly  for  imported  wheat,  and  at  60  lb. 
per  bushel  as  now  adopted. 

Table  IX. 


'-'^^Tages  for : — 


years  1852-3  to  1859-60 
S  „  1860-1  „  1867-8  . 
S  „  1868-9  „  1875-6  . 
*"  1876-7  „  1883-4  . 


t« 


1876-7  „  1883-4  . 
1884-6  „  1891-2  . 

1862-3  „  1891-2 


Net  imports  of  wheat,  and  of  flour  reckoned 
as  wheat  (72  flour  =  100  wheat) 


At  60|  lb. 

per 

bushel 


Quarters 

4J67,276 

8,218,4«8 

10,774,901 

16,127,002 

18,452,266 


11,667,980 


At  60  lb. 

per 
bushel 


Quarters 

4,820,246 

8,309,783 

10.894,622 

16,306,191 

18,657,281 


11,797,625 


Increased 
number 
at  60  lb. 

Quarters 

+  62.970 
+  91,315 
+  119,721 
+  179,189 
+  206,026 


+  129,646 


Unlike  the  change  in  the  adopted  relation  of  flour  to  wheat, 

^"tiich,  as  has  been  pointed  out,  causes  a  real  and  not  immaterial 

oi-ease  in  the  estimate  of  the  amount  of  wheat  available  for  con- 

'^ttjption,  the  change  in  the  figures  due  to  reckoning  the  quantities 

Only  60  lb.,  instead  of  60§  lb.  per  bushel,  does  not  represent  any 

^^ Grease  in  actual  quantity  by  weight ;  but  only  a  larger  number 

^*      quarters  of  less  weight  per  quarter,  as  shown  in  the  last 

^^^Inmn  of  the  Table.     The  actual  increase  in  the  number  of 

^^^^^rters  at  the  lower  weight  per  bushel  is  seen  to  be  compara- 

^^"^ely  small  over  the  earlier  periods,  when  both  the  total  quantity 

^*     the  imports,  and  the  proportion  of  them  due  to  flour,  were 

^^^all.     It  may  be  observed  that  the  increase  in  measure,  by 

^^opting  the  lower  weight  per  bushel,  represents  about  1^  per 

^^Ht.  on  the  quantities  at  the  higher  weight. 

Let  us  now  turn  to  the  more  important  indications  of  the 

^^\)le.     When  considering  the  home-crop,  it  was  pointed  out 

^*^at  its  aggregate  produce  was  only  about  two-thirds  as  much 

^'^^r  the  later  as  over  the  earlier  periods.     The  Table  now  under 

^usideration  shows  that  the  imports  were,  on  the  ether  hand, 
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not  far  short  of  four  times  as  great  over  the  last  as  over  t 
first  of  the  five  eight-yearly  periods.  It  is  seen  that  the  annc 
imports  averaged  about  4|  million  quarters  over  the  first  eig 
years ;  that  they  increased  by  nearly  3^  million  quarters  o^ 
the  second  eight,  by  more  than  2^  million  over  the  third  eigl 
by  about  5^  million  over  the  fourth  eight,  and  by  neai 
2^  million  quarters  over  the  last  eight  years.  It  will  be  th 
seen  that  by  far  the  greatest  rate  of  increase  in  the  imports  ^ 
over  the  fourth  period  froih  1876-7  to  1883-4  inclusive.  T 
fact  is,  that  in  four  out  of  the  last  five  years  of  the  third  peri( 
the  yield  per  acre  of  the  home  crop  was  very  low  ;  and  that 
six  out  of  the  eight  years  of  the  fourth  period  the  yield  ¥ 
below  the  average,  and  in  1879  it  was  extremely  low ;  the  res 
being  a  lower  average  yield  per  acre  over  this  than  over  eitl 
of  the  other  eight-yearly  periods  ;  and,  as  we  pointed  out  in  c 
paper  on  Alloiments  and  Small  Holdings,  in  a  recent  numl 
of  this  Journal  (Vol.  III.,  3rd  Series,  Part  III.,  1892),  the  ser 
of  unproductive  seasons,  not  only  in  our  own  country  but 
Western  Europe  generally,  led  concurrently  to  the  opening  up 
large  wheat-growing  areas  in  various  parts  of  the  world,  to  grea 
increased  imports,  and  at  the  same  time  to  much  lower  prices 
The  significance  of  the  very  great  and  rapid  increase  in  1 
imports  of  this  staple  article  of  the  food  of  the  population  of  1 
United  Kingdom,  which  the  figures  in  the  Table  (IX.)  bring 
light,  will  be  better  appreciated  when  we  come  to  consider, 
the  next  section,  the  proportion  which  the  imported  wheat  be 
to  the  total  amount  available  for  consumption  ;  and  farther  < 
the  proportion  which  the  value  of  the  imports  bears  to  the  tc 
value  of  the  wheat  consumed. 

Total  Wheat  {Horns  and  Imported)  available  for  Gonsumptio^, 

The  following  Table  (X.)  shows,  for  each  of  the  five  eig 
yearly  periods,  and  for  the  forty  years,  the  average  annual  amoi 
of  wheat  available  for  consumption  from  home  and  foreign  sour 
taken  together,  reckoning  72  of  imported  flour  to  represent  1 
of  wheat,  and  the  whole  taken  at  the  newly  adopted  weight 
60  lb.  per  bushel.  The  first  column  shows  the  average  ann 
amounts  in  quarters  so  reckoned,  and  the  second  and  th 
columns  show  the  percentage  of  the  total  derived  from  ho 
aud  from  foreign  sources  respectively. 

The  figures  in  the  first  column  show  that  the  average  ann 
aggregate  amount  of  wheat  available  for  consumption  in  i 
United  Kingdom  was  almost  exactly  one-and-a-half  time 
much  over  the  last  eight  as  over  the  first  eight  of  the  forty  yea 
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It>  will  be  seen  further  on,  that  the  amount  available  per  head 
of  the  population  has  somewhat  increased  over  the  later  as 
compared  with  the  earlier  periods,  but  in  only  a  small  degree 

Table  X. 


Average  annual  total  wheat  available  for 
cousiunptiou,  home  and  imported  - 

72  flours  100 

wheat,  60  lb. 

per  bushel 

Per  cent,  of  total 

» 

From  home 
produce 

Prom 
imports 

Averages  for : — 
8  jeara  1862-3  to  1859  60 
8      „     1860-1  „  1867-8  . 
8      „    1868-9  „  1875-6  . 
8      „     1876-7  „  1883-4  . 
8      „    1884-6  „  1891-2  . 

Quarters 

18,223,666 
20,777,282 
22,729,501 
26,229,177 
27,364,265 

Per  cent. 

731 
59-5 
520 
35-3 
31'9 

Per  oeut. 

26-9 
40-6 
48-0 
64-7 
681 

^      „    1852-3  „  1891-2  . 

22,864,754 

50-4 

49-6 

^'npared  with  the  great  increase  in  the  aggregate  consump- 
tion ;  which,  as  will  be  seen  presently,  is  mainly  due  to  the 
'^pid  increase  in  the  population. 

The  last  two  columns  of  the  Table  show  in  what  propoi*tion 
^*^©  increased  demand  has  been  met  from  home  and  from  foreign 
Purees  respectively.  Thus,  whilst  over  the  first  eight-yearly 
Period  the  home  producer  provided  about  73  per  cent,  of  the 
^^tal  requirement,  over  the  last  eight  years  he  provided  only 
^l^ut  32  per  cent.  In  other  words,  over  the  earlier  period  he 
Provided  nearly  three- fourths,  but  over  the  later  less  than  one- 
^tird  of  the  total  requirement.  On  the  other  hand,  whilst  over 
*■*!©  first  eight  years  imports  supplied  only  about  27  per  cent., 
^^er  the  last  eight  they  supplied  about  68  per  cent,  of  the  re- 
S^rement,  or  more  than  two-and-a-half  times  the  proportion 
^/  the  total  over  the  last  than  over  the  first  eight  years ;  in  fact, 
little  more  than  one-quarter  of  the  total  over  the  first  period, 
^^t  more  than  two-thirds  of  the  total  over  the  last  period.  This 
^^  the  case,  notwithstanding  that  the  last  eight-yearly  period 
S^ve  a  higher  average  yield  per  acre  of  the  home-crop  tlian 
Either  of  the  four  preceding  periods.  The  truth  is,  that  the  less 
5*^pendence  on  home,  and  the  greater  on  foreign  supplies,  has 
^en  largely  due  to  the  increase  of  the  population  overcoming 
^^p  capability  of  production ;  but,  of  course,  largely  also  to  the 
Eduction  of  area  under  the  crop  at  home  as  a  consequence  of 
Steady  increased  production  for  export  in  other  countries,  and 
?^incidently  great  increase  in  our  imports,  and  great  reduction 


in 
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Tlie  Population,  and  the  Requirement  of  Wheat  per  Head 

per  Annum, 

Table   XI.    shows  the  average  population  for  each  of  fl 
eight-yearly  periods,  and  for  the  total  period  of  forty  yea 
according  to  the  corrected  returns.     The  next  three  colunr 
show,  for  comparison  with  the  newly  adopted  results  given- 
the  last  column — in  the  first  the  previously  adopted  estima- 
of  annual  requirement  per  head,  assuming  80*77  imported  fl* 
to  100  wheat,  and  wheat  at  61  lb.  per  bushel ;  and  in  the  secc: 
and  third  columns  the  amounts  available  per  head  on  the 
sumption  of  the  same  relation  of  flour  to  wheat,  but  in  ^ 
second  reckoning  home  wheat  at  61  lb.  and  foreign  at  60§ 
per  bushel  as  hitherto,  and  in  the  third,  for  better  comparis 
with  the  new  results,  taking  both  home  and  foreign  at  60 
per  bushel.     The  last  column  shows  the  total  amounts  availa  - 
\)eT  head  per  annum  from  home  and  foreign  sources  together, 
the  assumption  of  72  flour  =100  wheat,  and  taking  wheat 
60  lb.  per  bushel. 

Table    XT. 


Population 

Previously 
estima'.ed 
require- 
ment per 

head, 
8077  flour 

=  100 

wheat ; 

wheat 

61  lb. 
per  bUbhel 

'      Total  available  per 

1 

headi 

80-77  flour  =100 
wheat 

7SB 

Home 

611b. 

imported 

60$  lb. 

per 

bushel 

Bushels 

507 
5-47 
5-66 
5-66 
5-72 

Home 

and 

imported 

60  1b. 

per 

bushel 

wh6 

WIK 

60 
bam 

Averages  for : — 

8  years  1852-3  to  1859-60 
8       „     1860-1  „  1867-8 
8       „     1868-9  „  1875-6 
8       „     1876-7  ,.  1883-4 
8       „     1884-5  „  1891-2 

28,067,170 
29,738,376 
31,943,230 
34»615,019 
36.950,178 

Bushels 

510 
550 
6-60 
5-65 
5-65 

Bushels 

516 
5-55 
5-65 
5-74 
5-83 

Boaa 

5-e 

6-86 
5-9i 

40      „     1852-3  „  1891-2 

32,262.794 

5-50 

5-50 

5-59 

6-6- 

The  first  column  of  the  Table  (XI.)  brings  strikingly  to  vie 
the  rapid  increase  of  the  population  in  the  United  Kingdo* 
during  the  last  forty  years.  Comparing  each  eight-year] 
period  with  the  one  preceding  it,  there  was  an  increase  over  tl 
second  eight  years  of  about  1  §  million ;  over  the  third  period  < 
nearly  2  J  millions ;  over  the  fourth  of  2§  millions ;  and  over  tl: 
fifth  of  2^  millions ;  that  is  to  say,  the  progression  was  the  mof 
rapid  during  the  fourth  period,  and  somewhat  less  over  tl 


Price  of  Wheat,  ov&r  40  Hwrvesi-Yewrs,  1852-3  to  1891-2.     43 

fifth.  CompanDg  the  first  eight  years  with  the  fifth  eight,  the 
latter  shows  an  increase  from  28  to  nearly  37  millions,  or  by 
nearly  9  millions,  corresponding  to  nearly  one-third  more  over  the 
Jast  period  compared  with  the  first.  No  wonder,  then,  at  the 
great  increase  in  the  aggregate  supplies  of  wheat  over  the  later 
as  compared  with  the  earlier  periods,  as  shown  in  the  last  section. 
The  increase  in  the  supply  from  period  to  period  as  there  shown 
lias,  however,  to  meet  the  demand,  not  only  of  an  increased  num- 
ber of  consumers,  but  also  a  slightly  larger  requirement  per 
head  over  the  later  periods. 

Comparing  the  last  column  with  the  one  before  it,  both 
being  reckoned  at  60  lb.  per  bushel,  it  will  be  seen  to  what 
extent  the   actual   available   supply  per   head   per   annum  is 
increased  over  the  respective  periods,  by  raising  the  estimate 
of  the  amount  of  wheat  corresponding  to  a  given  amount  of 
flour.    It  has  already  been  shown  that  the  previously  annually 
^opted   estimate  of  the   requirement   per   head,   which    was 
Modified   from    time   to   time   according   to   the  subsequently 
ascertained  available  supplies,  agreed   extremely  closely  with 
^he  amounts  of  those  supplies  when  averaged  over  a  series  of 
y^arg  so  as  to  elimioate  the  disturbing  intiuence  of  stocks  on 
"^d ;  and  it  is  obvious  that  it  could  not  be  otherwise,  if  the 
^^Hual  estimates  were  judiciously  modified  according   to   the 
Pi'eviously  actually  ascertained   supplies.     But   now  that  the 
P^t  supplies  are  assumed  to  have  been  in  reality  greater  than 
^he  previously  adopted  figures  represented,  it  is  obvious  that  the 
^timate  of  the  available  supply  per  head  must  also  be  corre- 
spondingly increased.     To  add  to  this,  the  quantities  are  now 
^^presented  in  bushels  of  only  60  lb.,  so  further  raising  the 
^gure,  but  not  the  amount  represented  by  it. 

A  comparison  of  the  first  and  second  columns,  relating  to 
^*^©  quantities  per  head,  will  show  how  very  closely  the  annual 
^^timates  of  requirement  and  the  amounts  afterwards  proved  to 
^  available  agreed,  the  two  being  taken  at  approximately  the 
^^e  weight  per  bushel.  The  third  column  gives  the  same 
^solts  as  the  second,  but  reckoned  at  only  60  lb.  per  bushel, 
^^d  shows,  therefore,  higher  quantities  by  measure  available ; 
^^d,  compared  with  these,  the  higher  amounts  in  the  last  column 
^*iow  the  increase  in  the  amount  available  per  head,  due  to 
^•ssnming  a  given  amount  of  imported  flour  to  represent  a 
S'^^ter  quantity  of  wheat.  It  is  these  last  quautities  that  we 
'^^w  adopt,  as  representing  the  annual  requirement  per  head,  in 
^cordance  with  the  actual  amounts  annually  available  from  all 
*^Urcee — home  and  foreign. 

It  will  be  seen  that  the  previously  adopted  estimate  of  require- 
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ment  per  head  for  tbe  last  two  eight-yearly  periods  was  5*  - 
bushels  at  61  lb.  per  bushel ;  that  the  amount  actually  availaT 
over  the  first  of  these  two  periods  was  5  66,  and  over  the  seoo« 
5*72  bushels  at  approximately  the  same  weight,  and  5*74  au 
5*83  bushels  at  60  lb.  per  bushel.  But  the  new  reckoning  8ho« 
an  available  supply  of  5  83  bushels  over  the  fourth,  and  5— 
bushels  over  the  fifth  period,  at  60  lb.  per  bushel.  TI 
question  arises,  therefore,  whether  the  actual  figure  indicafl 
for  the  last  period,  namely  592  bushels,  at  60  lb.  per  buslE 
should  be  adopted  in  annually  estimating  the  requirement 
the  near  future,  or  whether,  provisionally,  the  round  numbei" 
6  bushels  per  head  at  60  lb.  per  bushel  should  be  taken  for  so~ 
years,  until  experience  shows  how  far  that  estimate  is  borne  « 
by  the  subsequent  records  of  the  total  amounts  available  and  use 

It  is  in  favour  of  adopting  the  higher  figure  that,  after  v^ 
full  consideration  of  the  great  difficulty  of  forming  anythS 
like  a  trustworthy  estimate  of  the  amount  consumed  other  tha 
as  human  food,  and  also  the  fact  that  it  bears,  at  any  ra 
ordinarily,  a  very  small  proportion  to  that  so  consumed,  " 
decided  that  there  would  be  less  error  in  fixing  the  estimate 
requirement  per  head,  so  as  to  include  the  very  small  aver^ 
consumption  in  other  ways,  than  in  attempting  to  estimate  *^ 
consumption  by  stock,  &c.,  separately.  On  this  point  it  irm 
be  observed  that  the  consumption  in  manufactures  of  any  ki" 
is  very  small :  and  that,  generally,  it  is  only  the  offal  wh^ 
that  is  given  to  stock,  and  this  is  excluded  in  our  estimate 
yield  per  acre,  and  therefore  in  the  reckoning  of  the  total  wh^ 
available.  It  is  true  that  when  the  price  is  very  low,  not  oc^ 
will  more  offal  be  dressed  out,  and  the  sample  so  improved  f 
sale,  but  more  or  less  saleable  wheat  will  also  be  consumed 
stock ;  but  there  is  no  reason  to  suppose  that  this  has  tak  < 
place  to  such  an  extent  as  to  materially  affect  our  estimate 
Thus,  if  for  the  sake  of  illustration  we  were  to  assume  th^ 
with  the  present  very  low  prices,  one  million  quarters  of  saleab 
home  or  imported  wheut  were  consumed  by  stock,  this  wou. 
represent,  on  our  average  area  under  the  crop  over  the  lai 
eight  years,  more  than  3  bushels  per  acre,  and  on  our  avera^ 
population  over  the  same  period  0  2 1,  or  about  one-fifth  of 
bushel  per  head.  It  will  be  admitted  that  in  the  past,  at  ar 
rate,  the  quantity  of  saleable  wlieat  so  appropriated  has  bee 
much  less  than  this ;  but  what  it  may  be  under  conditions  • 
excessive  supply  and  very  low  price,  such  as  prevail  at  the  pr€ 
sent  time,  it  is  difficult  to  predict. 

Upon  the  whole  it  is  concluded  that  it  is  safer  to  form  a 
estimate  of  requirement  per  head  in  the  near  future,  incladinj 
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consnmptioii  or  use  in  other  ways,  rather  higher  than  the  amount 
indicated  to  have  been  actually  available  and  used  in  recent  years, 
and  we  adopt,  therefore,  provisionally,  an  estimated  requirement 
per  head  per  annum  of  6  bushels  at  GO  lb.  per  bushel. 

Price  per  Quarter,  and  Aggregate  Value,  of  the  Total  Wheat 
annually  availahle  ;  also  the  Aggregate  Cost,  and  the  Cost  per 
Head,  of  the  Annual  Requirement. 

Referring  as  usual  to  Appendix-Table  II.  (facing  p.  58),  for 
the  details,  the  summary  Table  (XII.)  on  p.  46  shows  the  aver- 
ages for  each  of  the  eight-yearly  periods,  and  for  the  forty  years. 
The  results  are,  in  all  cases,  calculated  for  harvest  not  civil  years. 

As  to  the  average  Gazette  price  of  the  home  wheat  per  quar- 
ter, as  given  in  the  first  column,  we  understand  that  it  frequently 
refers  to  quarters  by  measure  irrespectively  of  weight ;  but  that 
when  weight  is  known  to  enter  into  the  transaction,  it  is  calcu- 
lated to  apply  to  quarters  of  480  lb.  =  60  lb.  per  bushel.  The 
values  for  the  home-crop,  given  in  the  second  column  of  the 
Table,  are  reckoned  at  the  Gazette  price,  on  quarters  of  480  lb. 
ftu^ughout.  It  is  probable  that,  taking  the  average  of  seasons, 
the  weight  of  the  portion  returned  in  measure  only,  would 
average  more  than  60  lb.  per  bushel ;  and,  so  far  as  it  is  so,  the 
J^gregate  values  given  will  be  somewhat  too  high.  It  must  be 
Emitted,  however,  that  there  is  by  no  means  the  certainty  that 
^ould  be  desirable  as  to  the  weight  represented  by  the  quarters 
^  which  the  Gazette  price  applies. 

As  the  imports  include  both  wheat  imported  as  wheat,  and 
flour  as  such,  the  Trade  and  Namrjation  Returns  give  the  declared 
^alue  of  the  imported  wheat,  and  of  the  imported  flour,  separately. 
It  seems  inappropriate,  however,  for  our  present  purpose — that  of 
^tnparing  the  aggregate  value  of  the  home  and  the  imported 
wheat — ^to  include  the  value  of  the  manufactured  article — flour, 
^  such.  For  the  purposes  of  the  Table,  therefore,  we  have  first 
^Javerted  the  flour  into  its  equivalent  of  wheat,  and  then  reck- 
^^ed  the  value  as  such,  at  the  same  rate  as  given  for  the 
^heat  imported  as  wheat.  On  former  occasions,  we  have  calcu- 
^^ted  the  value  of  imported  wheat  at  the  Gazette  price  per  quar- 
^r  of  the  home  wheat ;  but  it  is  pretty  certain  that  this  gives  the 
^'ue  of  the  imported  sometimes  too  high  and  sometimes  too  low. 
-^hus,  Mr.  Hew,  in  this  Journal  (Vol.  I.,  3rd  Series,  Part  III.,  1890) 
showed  that,  according  to  the  Official  Returns,  in  1889  imported 
^**eat  averaged  2«.  \0d,  per  quarter  more  than  the  Gazette  price 
?^  home  wheat ;  and  in  the  calculations  for  the  present  paper  we 
*^ave  found  that,  although  the  difference  varies  greatly  from  year 
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to  year,  the  declared  values  of  imported  wheat  in  some  y 
show  a  rate  per  quarter  of  several  shillings  more,  and  in  ot 
of  several  shillings  less,  than  the  Oazette  price.  Accordingly 
now  adopt  the  rate  per  quarter  of  the  declared  value  instea 
the  Oazette  price  as  formerly,  for  imported  wheat — excep 
for  the  first  four  years,  for  which  the  data  are  not  available, 
hence  for  them  the  Gazette  price  is  still  taken.  There  ca 
little  doubt  that  the  figures  now  given  are  nearer  the  t 
than  if  the  Oazette  price  were  adopted  throughout.  At  the  g 
time,  it  is  not  clear  how  far  the  values  given  for  the  impc 
wheat,  either  accord  with  the  values  as  sold  in  our  market 
compare  strictly  with  the  local  market  values  of  the  home-c 

Table  XII. 


Averafre 
Uazftte 

i   price 

I      of 
home 
wheat 

per 
quarter 


Averages  for  :— 


erages  lor  :  — 
i  years  1862-3  to  1859-60 
K      „    1860-1  „  1867-8 

^  IfiAU— a  IRT.^—A 

8 
8 


1868-9  „  1875-^ 
„  1876-7  „  1883-4 
„  1884-5  „  1891-3 
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38,420,217 
31,355.606 
30,535,899 
20.28U,569 
14,108,380 


Prom 
imports 


13,518,974 
20,956,252 
26,742,885 
37,413,986 
31,601,890 


Value  < 

eotimi 

be  rei 
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40 


1862-3  H  1891-3      j  47  11    .  (47     3)  |  26,940,133 


26,046,797 


51,939,191 
52,311,8A8 
57,278,784 
57,694,545 
45,710,270 


Total 


62,986,929 


52,494,77 
53.152,38 
57.609,56 
57,943,57 
45,660,25 


53,373,10 


Referring  first  to  the  particulars  relating  to  the  home-( 
it  is  seen  that  the  Oazette  price  of  wheat  per  quarter  aver. 
57s.  8ci.  over  the  first  eight  years,  declined  5s.  6d.  per  quj 
over  the  second  period,  and  only  2d.  more  over  the  third 
6s.  bd,  over  the  fourth,  and  by  13s.  2d,  over  the  fifth ; 
average  price  for  those  last  eight  years  being  only  32s.  bd, 
quarter,  or  25s.  Sd.  less  than  over  the  first  eight  years,  and 
than  three-fifths,  indeed  not  much  more  than  half  as  mud 
over  those  first  eight  years.  In  reference  to  the  higher  ri 
of  prices  during  the  first  three  periods,  it  is  to  be  borne  in  n 
that,  during  the  first  period  there  was  the  Crimean  war,  du 
the  second  the  American  Civil  War,  and  during  the  third 
Franco-German  war. 

The  most  marked  decline  in  price   was  during  the 
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eight  years,  but  the  fourth  period  of  eight,  1876-7  to  1883-4, 
shows  the  commencement  of  the  rapid  fall ;  and  it  was  during 
tliat  period,  including  the  disastrous  harvest  of  1879,  and,  in  all, 
BLJL  years  of  less,  and  sometimes  much  less,  than  average  yield, 
that  the  aggregate  home-crop  declined  so  rapidly  ;  whilst  it  was 
coincidently  with  this  that  the  imports  began  so  enormously  to 
increase,  and  prices  so  seriously  to  go  down.  Then  as  to  the 
last  eight  years,  1884-5  to  1891-2,  notwithstanding  a  higher 
average  yield  per  acre  than  over  either  of  the  other  eight-yearly 
periods,  the  aggregate  home-crop  came  down  to  even  less  than 
over  the  previous  eight  years  ;  the  imports  were  larger  than  ever, 
and  the  price,  accordingly,  was  much  lower  than  ever.  In  neither 
of  those  last  eight  years,  however,  was  the  average  Gazette  price 
for  the  year  so  low  as  30s.  per  quarter ;  but  it  was  frequently 
below  it  in  individual  months  of  the  period.  Thus,  in  the  first 
of  the  eight  years,  1884-5,  it  ranged  from  31s.  2d,  in  December 
to  36s.  8d.  in  May ;  in  the  second  year  from  29s.  6d,  in  February 
to  32s.  6d,  in  August ;  in  the  third,  from  30s.  in  October  to 
35s.  8d.  in  January ;  in  the  fourth,  from  29s.  Id,  in  September 
to  35s.  in  August ;  in  the  fifth,  from  35s.  lOd,  in  September 
to  28s.  6d.  in  June ;  in  the  sixth,  from  29s.  8d,  in  October  to 
36^.  2d.  in  August ;  in  the  seventh,  from  31s.  in  October  to 
40^.  4t^d.  in  May  ;  and  in  the  last  year,  1891-2,  from  38s.  bd, 
^^  September  to  29s.  3d,  in  July ;  whilst  in  no  week  since  the 
^nd  of  the  last  harvest-year — August  31,  1892 — has  the  price 
t>eeii  so  high  as  30s.,  and  in  the  week  ending  March  18, 
1893,  it  reached  its  lowest  point,  namely — 24s.  9d. ! 

The  third  column  shows  the  average  aggregate  value  per 
^^num,  at  the  Gazette  price  per  quarter,  of  the  saleable  wheat 
^I'op  of  the  United  Kingdom,  over  each  eight-yearly  period,  and 
^v^r  the  forty  years  ;  and  it  is  this  that  illustrates  the  most 
^xnkingly  the  reduction  in  value  to  the  farmer  of  the  crop  which 
fonnerly  constituted  a  very  important,  if  uot  the  most  important, 
^t-^m  of  his  marketable  produce.  The  average  annual  value  of 
^he  crop  was  nearly  38,500,000Z.  over  the  first  eight  years,  more 
^han  31,006,000Z.  over  the  second,  and  more  than  30,500,000/. 
^Ver  the  third  eight  years ;  it  then  comes  down  to  little  more 
^t*an  20,000,000/.  over  the  fourth  eight,  and  to  little  more 
^tan  14,000,000/.  over  the  last  eight  years;  whilst  in  1887-8 
^ti  was  less  than  12,500,000/.  In  other  words,  the  aggregate 
^^lue  of  the  saleable  wheat  crop  of  the  country  came  down 
^'^cm  about  38,500,000/.,  over  the  first  eight  years,  to  little  more 
^tan  14,000,000/.  over  the  last  eight,  or  to  not  much  more  than 
^ue-third.  In  fact,  the  value  of  the  home  wheat  crop  averaged 
^ore  than   24,000,000/.  less  per  annum   over   the   last   eight 
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than  over  the  first  eight  of  the  forty  years  !  The  result  was  to 
a  great  extent  due  to  redaction  in  area,  itself  the  resalt  of  re- 
daction in  price,  which  also  greatly  redaced  the  valae  of  the 
much  smaller  crops  grown.  It  has,  indeed,  been  redaction  in 
price,  to  which  both  redaction  in  area,  and  redaction  in  aggre- 
gate value,  are  to  be  attributed. 

The  causes  of  the  disastrous  results  to  our  own  wheat 
growers  are  plainly  seen  in  the  records  given  in  the  fourth  column 
of  Table  XII.,  which  shows  the  value  of  the  imports,  calculated 
according  to  the  declared  values  given  in  the  Trade  and  Naviga- 
tion Returns,  as  above  referred  to. 

But,  before  comparing  the  aggregate  values  of  the  home- 
crops  and  the  imports,  it  will  be  well  to  direct  attention  to  the 
difference  between  the  Gazette  price  per  quarter  of  the  home, 
and  the  price  of  the  imported  wheat  obtained  as  above  explained. 
Reference  to  the  details  given  in  Appendix-Table  II.  (facing 
p.  58),  will  show  that  the  so  reckoned  prices  of  the  home  and 
the  imported  wheat  varied  considerably  in  the  individual  years  ; 
that  during  the  earlier  half  of  the  period  the  price  of  the  im- 
ported was  generally  lower,  but  during  the  later  years  higher 
than  that  of  the  home  wheat.  In  some  cases  the  difference 
amounts  to  as  much  as  4s.,  5s.,  and  in  one  to  6s.  9ci.  per  quarter ; 
but  it  is  less  in  the  later  than  in  the  earlier  years.  Much  will 
probably  depend  on  the  comparative  condition  of  the  home  and 
foreign  wheats  in  the  individual  years ;  and  it  is  also  probable 
that  the  condition  of  the  imported  wheat  has  been  relatively 
better  in  the  later  years.  But  it  is  remarkable,  as  will  be 
seen  by  reference  to  the  figures  in  the  bottom  line  of  Table  XII., 
that  over  the  thirty-six  years  for  which  the  comparison  can  be 
made,  there  is  an  average  difference  of  only  2>d.  per  quarter ; 
and  that  is  in  favour  of  the  home  wheat.  Lastly,  in  reference 
to  these  records  of  price  per  quarter,  as  already  stated,  there  is 
uncertainty  as  to  the  weight  per  quarter  to  which  the  Gazette 
price  of  the  home  wheat  applies.  In  the  case  of  the  imported 
wheat,  however,  the  declared  values  are  given  for  quantities 
stated  in  cwt.,  and  we  have  calculated  thera  for  quarters,  of  480  lb. 
=  60  lb.  per  bushel,  as  adopted  throughout  in  Appendix-Table 
II.,  and  in  the  summary  Tables  founded  upon  it.  The  two  sets 
of  prices  are,  therefore,  so  far,  not  strictly  comparable ;  nor,  as 
already  said,  is  it  clear  that  the  declared  values  of  the  imported 
wheat  accord  with  the  prices  as  sold  in  our  markets. 

Referring  to  the  results  given  in  the  fourth  column  of  Table 
XII.,  it  is  seen  that  the  average  annual  value  of  imported  wheat, 
and  flour  reckoned  as  wheat,  was,  over  the  first  eight  years, 
little  over  13,500,000^.,  over  the  second  eight  about  21,000,000/., 
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or  more  than  one-and-a-half  time  as  much,  over  the  third  eight 
vears  nearly  26,750,000/.,  over  the  fourth  about  37,400,000/., 
sind  over  the  fifth,  with  larger  quantities  than  ever,  but  with 
^ery  low  price,  31,600,000/.  To  put  it  in  another  way,  the 
v-^lne  of  the  imports  was  not  much  more  than  one-third  that 
of  the  home-crop  over  the  first  eight  years,  about  two-thirds  as 
much  over  the  second  eight,  about  nine-tenths  as  much  over 
"fche  third  eight,  nearly  twice  as  much  over  the  fourth  eight,  and 
oonsiderably  more  than  twice  as  much  over  the  last  eight  years. 

Turning  now  to  the  fifth  or  "  total "  column,  it  is  seen  that, 
xiotwithstanding  the  great  decline  in  the  aggregate  value  of  the 
Home-crop  from  period  to  period,  there  is,  with  a  greater  pro- 
pwrtional  increase  in  that  of  the  imports,  a  notable  increase  in 
t^lie  annual  aggregate  value  of  the  total  wheat  available  over 
the  third  and  fourth  compared  with  the  first  and  second  periods ; 
but,  over  the  last  eight  years,  in  spite  of  the  increased  quantities, 
the  annual  aggregate  value  was,  with  the  extremely  loW  price 
per  quarter,  scarcely  four- fifths  as  much  as  over  the  two  pre- 
ceding periods.  It  may  here  be  observed  that,  whilst  over  the 
last  eight  years  the  home-crop  has,  both  in  quantity  and  in 
Value,  supplied  less  than  one-third  the  requirement  of  the 
country,  it  is  to  be  feared  that  the  crop  of  the  last  harvest, 
1892,  will  yield  less  than  one-fourth  of  the  total  requirement. 
Such  are  the  facts  and  their  bearing  from  the  point  of  view  of 
*heir  influence  on  our  home  agriculture.  No  wonder  that  under 
s^ch  conditions  a  conference  to  consider  the  depression  in  agri- 
^nlture  should  have  been  convened. 

The  concluding  columns  of  the  Table  show  the  estimated 
Average  annual  value  of  the  wheat  required  for  consumption, 
'^th  aggregate  and  reckoned  per  head  of  the  population,  over 
®ach  of  the  five  periods  and  over  the  forty  years.  Of  course, 
^ith  an  equal  value  per  quarter,  the  aggregate  value  must 
^^crease  from  year  to  year  with  the  increase  of  the  population. 
^Ut  it  is  seen  that  there  is  considerable  increase  from  the  first 
^^  the  fourth  period,  notwithstanding  the  reduction  in  price  per 
Quarter.  Over  the  fifth  period,  however,  with  a  stUl  greater  re- 
duction in  price  per  quarter,  the  aggregate  value  of  the  wheat 
^^uired  is  only  about  four-fifths  as  much  as  over  the  third  and 
*^Orth  periods ;  and,  notwithstanding  a  larger  population  by  about 
^ne-third,  nearly  7,000,000/.  less  than  over  the  first  eight  years. 
^^  other  words,  the  aggregate  cost  of  the  wheat  required  by  an 
average  population  of  about  37,000,000  over  the  last  eight 
years  was  about  7,000,000/.  less  than  that  of  the  amount 
'Quired  at  even  a  slightly  lower  rate  per  head,  by  an  average 
population  of  about  28,000,000  over  the  first  eight  years. 
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Q^oner  liOfts  a;^e!rvanis.  Thus,  the 
cfjet  per  head  vae  ^7^.  <^/;.  •?«<«•  i^  nrsi  ^iigi^^  J^^^^ 
K  ^  cw»r  iffie  seecBd  «£gri.  aai  =>».  If.  €c«r  the  third  eight. 
Brstg  ^^rnJa,  tci^  creazer  red^sts-^a  in  pnce  per  c^aner  over  the 
^Kznk  ^ngkz  v^ar«.  tbe  cetss  per  boki  va$  swaced  ro  33#.  6J. ; 
aad  wTth  the  sdH  ep?*ser  Tecacekn  ^r^er  tbe  last  eisht  vean,  to 
24#.  ^  per  head.  Th/az  is  id  sst.  wzsh  cccrsrce^  imporca.  and 
eztntDeLj  low  pnire  per  coarser,  tbe^  cost  of  vteat  per  head  of 
tee  pdpalatka  over  zk^  LhsC  •»£g«Ei  yairs  vas  «es5  than  two-thiids 
aa  much  as  over  the  crs  e£g!:t.  aisd  Ii^>  r»re  than  two-thirds 
a<  modi  ac  over  the  £ra  twenrv-^ocr  vears  of  tifee  fortv.  Lastlv, 
it  mxj  be  stated  that,  of  tbe  tocal  cusst  per  head,  imported 
wlt^ast  snpplkd  aboat  2o  per  cent,  over  the  £;st  eight  years, 
atr/ot  ^f)  per  cecr.  over  the  secood  eighi.  neaHj  47  per  cent, 
crrer  the  third  eight,  aboot  6b  per  cent,  cvrer  the  fomth  ei^t, 
and  n^^ariy  7'>  per  cent,  over  the  last  eight  years.  However 
disaetroas.  therefore,  the  large  imports  of  viiear.  and  the  greatly 
reduced  price  per  qoarter.  may  ha^e  been  to  the  home  producer; 
the  oonsamer  has,  so  fu*  as  the  cost  of  this  staple  article  of  his 
U^jd  is  ocmcemed,  reaped  immetwe  advantages. 

GeXERAL  COJSKDERATIOSS  AXD   CoXCLrSI03CS. 

Among  Kfor  arable  land  cropsy  it  is  not  only  the  pmdaction 
of  wheat  that  has  declined.  The  decline  in  the  home  crop  of 
wheat  may  be  said  to  have  commenced  aboat  twenty  years  ago,  but 
to  have  been  the  most  marked  daring  the  last  thirteen  or  foorteen 
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jr^rs.  The  area  under  barley  has  declined  very  considerably  since 

"tlae  repeal  of  the  malt-tax  in  1880,  and  the  imports  have  increased 

^-r^  a  greater  proportion.     Our  area  under  oats  has  fluctuated,  but 

xziot  materially  diminished,  during  the  last  twenty  years,  though 

i^   has  shown  a  tendency  to  do  so  during  the  last  four  or  five 

y  ^iars.     The  imports  have,  however,  very  considerably  increased. 

le  agricultural  area  under  potatoes  in  the  United  Kingdom 

not  varied  very  much  during  the  last  twenty  years.    It  was, 

»wever,  higher  over  the  first  five  years  than  it  has  been  during 

Ly  equal  period  since  ;  and  there  has  been  a  decided  tendency 

reduction  during  the  last  few  years.     Notwithstanding  this, 

t^lie  imports  have  averaged  considerably  less  than  half  as  much 

o^ver  the  last  ten  as  over  the  first  ten  of  the  last  twenty  years.   It 

is  probable  that  the  reduction  of  the  available  supply  of  potatoes 

p>^r  head  of  the  population  which  these  facts  taken  alone  would 

indicate  has  been  to  some  extent  compensated  by  an  increased 

^rrowth  of  the  crop  in  market  gardens,  the  area  of  which  has, 

is  satisfactory  to  note,  increased  considerably  in  recent  years. 

is  also  probable,  however,  that  there  has  in  reality  been 

reduction  in  the  actual  consumption  per  head  under  the 

ixufiuence  of  tlie  cheapening  of  bread-stuffs      Of  other  crops, 

clxiefly  used  as  stock  foods,  and  which  are  also  products  of  home 

growth,  our  own  area  under  beans  and  peas  has  in  recent  years 

declined,  but  the  imports  have  been  about  one-eighth  more  over 

the  last  ten  than  over  the  preceding  ten  years.     Then,  of  stock 

^ooda  (of  course  also  yielding  manure)  not  grown  at  home,  the 

Annual  imports  of  Indian  com  have  been  about  one-third  more 

^^^r  the  last  fifteen  than  over  the  preceding  five  years ;  those  of 

oil-cakes  have  increased  by  considerably  more  than  one-half; 

"^bose  of  cotton-seed  by  nearly  one-third  ;  and  those  of  linseed 

^y  one-fourth  more,  over  the  last  ten  than  over  the  preceding 

^n  years. 

The  general  result  is,  that  our  own  arable  area  has  gone 

^ov9^  fpQni  an  average  of  23,808,294  acres  over  the  first  five  of 

^^^  last   twenty-five   years  to  1892    inclusive,  to  20,856,075 

^^^r  the  last  five;  in  other  words  it  has  declined  by  2,952,219 

^^©s.      Against  these  results,  it  is  satisfactory  that  the  area 

-    ^Umed  as  under  permanent  grass  has,  over  the  same  periods, 

^^creased  from  22,485,020  acres  to  27,146,147,  or  by  4,661,127 

?^^'^.     With  this  increase  in  feeding  area,  and  increase  also  of 

,^  ported  food-stuffs,  there  has,  comparinpf  the  last  ten  years  to 

"Q2  inclusive  with  the  preceding  ten,  been  an  increase  in  our 

i^^i^ge  annual  number  of  cattle  from  9,965,546  to  10,709,656,  or 

^^    744,110;  a  decrease  in  that  of  sheep  from  31,7'' 8,768  to 

^>343,502,  or  by  1,375,266,  and  an  increase  in  that  of  pigs 
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from  3,532,015  to  3,841,959,  or  by  309,944.     Yet,  over  tl le 

same  periods,  there  has  been  an  average  annual  increase  in  throne 
imports  of  cattle  from  268,514  to  447,347,  or  by  178,833,  bi 
a  decrease  in  that  of  sheep  from  934,874,  to  723,859  or 
211,015.  and  a  decrease  in  that  of  pigs  from  53,155  to  18,3t 
or  by  34,817.  There  has,  on  the  other  hand,  been  an  averaj 
annual  import  of  7,281,330  cwt.  of  dead  meat,  fresh  and 
over  the  last  fifteen  years,  against  only  3,915,516  cwt.  over  tZZHe 
preceding  five  years,  or  nearly  twice  as  much  over  the  later  yea^^rs. 

Thus,  although  our  own  feeding  area,  and  the  imports         of 
stock-foods,  have  greatly  increased  during  recent   years,  wi    ^th 
this  our  live  stock  has  also  increased,  so  also  have  the  impo: 
of  live  animals  and  of  dead  meat.     It  is  obvious  that  the  st 
products  of  the  feeder,  like  the  crops  of  our  arable  land,  have  be- 
in  sufficient   to  meet  the  requirements  of  a  rapidly  increasii 
population. 

In  connection  with  this  question  of  our  home  production  ^«=)n 
the  one  hand,  and  imports  on  the  other,  it  will  be  of  interest        to 
consider  our  position  in  regard  to  some  of  the  smaller  article    ^ 
of  agricultural  production.     Those  of  most  importance  to  t  -^n© 
farmer  are — poultry  and   eggs,  and  the  dairy  products,  mlL    \ 
butter,  and  cheese.     In  our  paper  on  Allotments  and  Small  IIo^^- 
ings,  in  a  recent  number  of  this  Journal  (Vol.  III.,  3rd  Seri^^s, 
Part  III.,  p.  439),  we  called  attention  to  the  fact  that,  in  1890,  t>I*e 
values  of  our  imports  were — of  butter  10,598,848Z.,  of  che^^® 
4,975,134^.,  of  eggs,  3,428,806^.,    and  of  poultry  and  gaT¥:^e, 
497,857/.;  or  in  all  for  these  articles  19,500,645/.     In  18£>2» 
however,  the  values  of  the  imports  were — of  butter,  1 1,965,28^  ^-^ 
of  cheese  5,417,777/.,  of  eggs  3,793,018/.,  and  of  poultry  ^^^^ 
game  583,430/.;  or  in  all  21,759,509/.     Thus  the  increase*^  ^° 
the  value  of  the  imports  of  these  articles  in  1892  compared  ^iri**" 
1890   was— for  butter    1,366,436/.,   for   cheese   442,543/.,      *^^ 
eggs  364,216/.,  and  for  poultry  and  game  85,572/.;  or  in      ^ 
2,258,767/. 

In  reference  to  these  amounts  it  may  be  stated  that  the  v^»l^^® 
of  the  poultry  and  game  imported  was  nearly  three  times  as  mm:^^ 
over  the  last  five  years  as  over  the  first  five  of  the  last  twe:^^*s 
years  to  1892  inclusive,  and  that  the  number  of  eggs  impor*^^ 
was  nearly  double  over  the  last  compared  with  the  first  five  j&^^ 
of  the  twenty.     More  attention  might  perhaps  with  advant^^^? 
be  paid  to  the  home  production  of  poultry  and  eggs ;  but,  w  ^  ^  j 
our  climate,  any  really  material  increase  in  such  production  co"^^    j 
only  be  attained  by  outlay  for  protection  from  the  weather,  m^'^^ 
perhaps  for  artificial  heat,  during  the  colder  months  of  the  ye^ 
whilst  the  expenditure  for  food  would  be  the  greater  the  less  t^ 
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lad  to  rely  on  the  waste  com  and  other  matters  they  could 
p  about  the  farm,  as  they  largely  do  at  present. 

to  butter,  unfortunately  until  the  last  few  years  "  butter- 
r  **  margarine  "  was  included  with  butter  in  the  returns, 
show,  of  the  two  together,  a  very  great  increase.  Probably 

earlier  years  of  the  Returns,  the  imports  were  chiefly 
;  but  during  the  last  seven  years  to  1892  inclusive, 
nargarine  has  been  given  separately,  it  contributed  from 
ird  to  one-half  of  the  total  quantity  of  the  imports,  which 
nore  than  twice  as  great  over  the  last  five  as  over  the 
'^e  of  the  last  twenty  years.  Certainly  there  has  been  great 
or  improvement,  and,  indeed,  there  still  is,  in  the  quality 
h  of  our  home-made  butter.  Bu^,  thanks  to  the  good 
lone  in  technical  teaching  on  butter-n^p^king  during  the 
w  years,  some  improvement  has  already  been  attained ; 
ere  is  every  reason  to  hope  that  it  will  be  more  general 
near  future.  As  to  quantity,  the  home  product  has  pro- 
increased  to  some  extent  in  recent  years ;  but  when  it  is 
Bred  that  to  produce,  in  addition  to  the  present  home  yield, 
lount  annually  imported,  would  require  a  very  large  area 
IS  land,  besides  a  good  deal  of  arable  land  produce,  and  of 
ied  food-stuffs  as  well,  the  hopelessness  of  meeting  the 
requirement  of  our  present,  to  say  nothing  of  an  increased, 
tion  is  obvious. 

en  as  to  cheese,  our  imports  have  gradually  increased 
•  the  last  twenty  years ;  and  they  have  been  about  one-third 
>ver  the  last  five  than  thev  were  over  the  first  five  of  the 
'  years.  As  in  the  case  of  butter,  so  in  that  of  cheese,  im- 
lent  in  the  making  is  taking  place,  under  the  influence  of 
videly  disseminated  technical  teaching.  But  to  increase 
Emtity  so  as  to  meet  the  requirement  for  consumption  with- 
ports  would  again  involve  the  devotion  of  a  very  large 
B  of  grass — the  more  the  less  suitable  the  land  for  the 
e ;  besides,  as  in  the  case  of  butter,  the  use  of  a  consider- 
lantity  of  arable  land  produce  and  of  imported  food.  In 
)  produce  the  increased  amounts  of  butter  and  cheese  sup- 
would  require  several  million  acres  of  grass-land,  necessa- 
iplacing  some  other  produce,  involving  increased  importa- 
'  something  else  to  compennate  the  loss  ;  and  it  would  also 
3  increased  importation  of  food-stuffs  for  the  cows, 
to  fruit  and  vegetables,  the  annual  value  of  the  imports 
ch  is  considerable,  their  increased  production  at  home  is 
lependent  on  local  circumstances  of  soil  and  climate  than  is 
'  some  of  the  more  purely  agricultural  and  more  important 
is.     It  is  satisfactory  to  note,  however,  that,  according  to 
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the  Returns,  the  area  under  market  gardening  in  Great  Brita 
has  been  about  twice  as  great  during  the  last  five  as  during  t= 
first  five  of  the  last  twenty  years ;  and  the  rate  of  increase  tz 
been  the  greater  during  the  last  few  years.  Still,  our  imports^ 
finiit  and  vegetables  have  also  increased  ;  and  there  is  little  hci 
that  we  can  eflPectively  compete  with  the  countries  from  wh 
we  derive  large  supplies  of  certain  fruits,  and  of  early  vegetab^ 
which  command  the  highest  prices. 

Although,  therefore,  there  is  evidence  of  some  increases 
the  home  production  of  the  various  smaller  articles,  and  furt— 
extension  seems  both  probable  and  promising,  yet  there  cojlm 
no  hope  that  the  home  production  of  these  articles  can  be  so  rai  - 
as  to  meet  the  requirement  of  our  present,  to  say  nothing  of 
increasing,  population. 

But,  in  an  article  in  the  Nineteenth  Century  of  December  18  - 
Mr.  Jesse  Oollings,  M.P.,  calls  attention  to  the  fact  that,  leavr 
com  and  cattle  out  of  the  question,  we  in  1891  imported  otZ 
articles  of  agricultural  produce  to  the  value  of  more  tfc: 
38,000,000Z.  The  articles  he  enumerates  are — cheese,  butl^ 
margarine,  lard,  poultry,  game  and  rabbits,  bacon  and  haifl 
pork — fresh  and  salted,  potatoes,  eggs,  and  apples  ;  and  he  asks 
"  Why  cannot  the  farming  industry  supply  our  home  marked 
the  best  of  all  markets — with  sufficient  quantities  of  the  artics 
named  ?  "  He  says  the  question  arises :  '*  Why  should  an  : 
dustry  be  subject  to  continual  depression  which  has  such  a  v." 
amount  of  trade  offered  at  its  very  doors  ?  What  would  be  s* 
of  a  body  of  manufacturers  who  had  available  men  and  mater3 
but  who,  through  failing  to  adapt  their  productions  to  t: 
demand,  allowed  half  the  orders  offered  them  to  go  to  forei^ 
countries,  and  who  nevertheless  complained  of  depression 
trade  ?  "  He  adds — "  The  matter  is  one  of  national  importanc 
as  affecting  the  trade  of  the  country,  and  it  is  time  for  the  she 
keeper,  the  manufacturer,  and  the  commercial  classes  general 
to  take  it  up."  And  again  he  says — "  If  a  few  thousand  pound 
worth  of  steam-engines  or  iron  girders  are  imported  froi 
Belgium,  the  Chambers  of  Commerce  and  the  commercial  prej 
are  alive  to  the  dangers  therefrom  to  British  manufacturers,  bi 
no  anxiety  at  all  is  shown  at  the  steady  increase  in  our  import 
say,  of  cheese,  which  in  1891  amounted  in  value  to  near! 
5,000,000Z.  sterling.  Surely  this  country  is  as  fitted  to  produc 
cheese  as  it  is  to  manufacture  steam-engines  and  girders !  " 

Now  it  so  happens  that  in  the  very  same  number  of  tl 
Trade  and  Navu]ation  Reivms^  which  gives  the  list  of  articles  < 
agricultural  produce  imported  in  189 1 ,  to  the  value  of  more  tha 
38,000,000^.,  we  find  that— under  the  head  of  "  Manufacture 
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^^^jrticlee" — docks,  cotton  manufactnreB,  glass,  hats  and  bonnets 
straw,  iron  girders,  beams,  pillars,  and  other  articles,  leather, 
shoes,  and  gloves,  paper,  silk,  straw-plait,  watches,  woollen 
s3CEannfactnres,  silk  mannfactiires,  and  others  not  enumerated, 
«re  in  the  same  year  (1891)  imported  to  the  value  of  more  than 
,000,0002. !  No  doubt  the  home  producers  of  these  various 
Bkziicles  would  be  able  satisfactorily  to  explain  why  the  larm 
ckxrounte  of  them  imported  are  not  produced  at  home  instead, 
^^nrlen  such  numbers  of  our  population  are  unemployed;  and 
doubtless  the  various  reasons  could  be  summed  up  in  the  few 
^words — it  would  not  pay  !  Agriculturists,  we  suppose,  would  nol 
presume  to  pass  a  judgment  on  the  validity  of  the  reasons  given 
l>y  the  experts  in  the  different  branches  of  manufacture.  But 
agriculturists  are  treated  in  a  very  different  manner  by  those 
^"lio  apparently  know  as  little  about  the  necessary  conditions  of 
profitable  agriculture,  as  agriculturists  may  be  supposed  to  do  of 
the  various  manufactures  of  which  we  import  65,000,000Z.  worth 
a  year! 

The  truth  is  that,  for  the  essential  purpose  of  providing 
clieap  food  for  the  people,  and  for  the  urban  manufacturing 
popidations  especially,  free  trade  in  agricultural  produce  has 
^en  established,  and  imports  have,   accordingly,   immensely 
increased.     An  inevitable  result  of  this  has  been  a  great  re- 
duction in  price,  the  cost  for  bread-stuffs  alone  having  been,  as 
'^  have  shown  in  this  paper,  less  tiian  two-thirds  as  much  per 
'^^  of  the  population  during  the  later  as  during  the  earlier  years 
^f  the  period  of  our  inquiry.     A  necessary  consequence  has  been 
^  i^uce  the  area  under  grain  crops,  and  with  this  the  area  under 
^  plough,  in  our  own  country,  and  hence  to  reduce  the  amouni 
^^  labour  required  to  a  given  area,  and  so  naturally  to  reduce  the 
f^ral  population.    A  further  consequence  has  been  great  reduction 
brents,  and  serious  loss  of  tenants'  capital.     But  the  urban  and 
Manufacturing  populations  resent  the  idea  that  they  should  bear 
^Xiy  share  of  the  burden  resulting  from  the  competition  with 
^reign  producers,  and  the  great  reduction  in  price  chiefly  in 
^eir  interest,   necessitating  as   it    does    a   less   requirement 
^r   rural   labour,   which,    together  with  a  rapidly  increasing 
^)opulation,  leads  many  to  go  into  the  towns.   It  so  happens,  too, 
tbhat  the  most  practicable  suggestions  for  change  in  our  agri-^ 
T^ultural  system  would  only  tend  to  increase  the  particular  evil 
Kxmiplained  of,  by  still  further  reducing  our  arable  and  increasing 
T>ur  grass  land  area ;  whilst  some  of  the  schemes  proposed  are 
^f  very  limited  applicability,  and  others  would  pretty  certainly 
l)e  unprofitable,  if  not  indeed  attended  with  considerable  loss. 
We  have  indicated  above  in  which  direction  there  seems  the 
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best  prospect  of  improvement  or  extension  in  the  production 
some  of  the  smaller  articles  of  which  we  import  so  mnch^ 
we  should  desire  to  give  every  encouragement  to  well-direct^^N^ 
effort.     At  the  same  time,  we  are  firmly  of  opinion  that  it  is 

out  of  the  question  to  look  for  anything  like  such  a  result  a^^sus  a 
greatly  increased  production  of  some  of  the  articles  enumeratf"-^  lod. 
Nor  do  we  believe  that  an  extensive  application  of  the  Smm^^^^ryaH 
Holdings   Act  would   bring   about  the  changes  anticipated  to 

anything  like  the  extent  that  seems  to  be  assumed.  Counzz^nty 
Councils,  to  whose  judgment  and  action  in  the  matter  \^^EMi, 
Ceilings  looks  forward  so  sanguinely,  will,  after  all,  have  «  to 

face  the  question — will  it  pay  ? 

But  to  return  to  the  question  of  wheat  production,  whicl 
our  special  subject  on  the  present  occasion :    In  our  paper 
Allotments  and  Small  Holdings^  above  referred  to,  we  shoi 
that,  with  the  rapid   increase  of  population  which  had 
place,  it  would  have  been  impossible  for  our  own  country 
have  produced  all  the  wheat  required  for  consumption ;  and  tl 
should  the  increase  continue,  it  will  be  in  a  greater  degree 
possible  in  the  future.     It  was  pointed  out,  that  the  area  un< 
wheat  in  the  United  Kingdom  had  during  the  last  eight 
averaged  rather  less  than  one-eighth  of  the  total  arable  ai 
and  that  to  produce  all  the  wheat  required  for  consumpti^^  ^^» 
more   than   one-third   of  our  existing   arable   area  would  "® 

required ;  or  that,  if  the  area  devoted  to  other  rotation  crcr^^P^ 
were  to  continue  to  bear  about  the  same  relation  to  that  uni-^  ^®^ 
wheat  as  in  recent  years,  the  total  arable  area  would  have 
be  increased  nearly  three-fold,  making  in  all  much  more  tl 
our  present  total  arable  and  grass  areas  put  together ;  or  thi- 
if  wheat  were  to  be  grown  on  a  larger  proportion  of  the  ©^^*J*1*C 
ing  arable  area,  it  could  only  be  by  the  exclusion  of  the  grow  -^^^^^ 
of  other  grain  crops  and  stock-foods,  which  would  then,  in  th^^'  ^®, 
turn,  have  to  be  imported  in  larger  quantities;  or,  our  stot^^"^^ 
must  be  reduced,  and  our  imports  of  live  animals,  dead  mea^^  *^   ^ 
and  dairy  produce,  be  very  much  increased. 

Doubtless,  if  the  price  of  wheat  were  materially  to  recove:^^^  ^ 
the  area  under  the  crop  would  again  increase  ;  but  it  is  ^'^^o^^-^ogbr 
that  with  an  annually  increasing  population,  and  demand  fc^^  i- 
sustenance,  it  is  hopeless  to  suppose  that  we  can  suppl;^^  - 
from  home  produce  even  so  large  a  proportion  of  the  tot 
amount  required  as  during  the  earlier  periods  to  which  oi  ^^^ 
inquiry  relates.  Indeed,  it  is  evident  that,  even  if  our  wheai^-^  '*^ 
area  were  to  regain  its  former  proportions,  it  could,  with  th^  -^^ 
rapidly  increasing  demands  for  other  products,  only  be  by  th^  -^^ 
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rplaoement  of  some  of  them,  which  would  then  have  to  be  im- 
rted  instead  of  grown  at  home. 

In  oonclosion,  it  mnst  be  admitted  that,  unless  low  prices 
3iild  check  the  production  of  grain  for  export  in  other  coun- 
ts, or  from  any  other  cause  prices  should  rise,  there  is  little 
lolihood  that  our  own  farmers  will  have  much  inducement  to 
urease  their  area  under  grain  crops.  Under  such  circumstances, 
.&iger  proportion  of  the  remaining  arable  area  will  be  devoted 
"tlie  growth  of  stock-foods,  and,  with  the  increased  and  increas- 
^  area  xmder  grass,  the  production  of  meat  and  dairy  produce 
iy  acquire  increased  importance  in  our  own  agriculture; 
at  is,  provided  the  farmer  be  protected  from  imported  cattle 
iease,  and  from  the  importation  of  adulterated  dairy  products. 
it  it  is  to  be  borne  in  mind,  that  material  increase  in  the  pro- 
ction  of  meat,  milk,  butter,  and  cheese,  cannot  be  attained 
thout  the  aid  of  imports  of  stock-foods,  providing  both  food 
d  manure,  and  of  some  direct  manures  also  ;  whilst,  with  our 
i^reased  and  increasing  population,  and  limited  agricultural 
^  it  cannot  be  expected  that  the  demands  for  home  consump- 
»n  can  be  met  without  large  imports  of  both  grain  and  the 
oductB  of  feeding.  Lastly,  with  the  decrease  of  arable  area, 
d  the  increase  of  permanent  grass  and  of  feeding,  the  number 
the  population  engaged  in  rural  pursuits  must  necessarily- 
oiiniah. 

John  Bennet  Lawes. 

Joseph  Henry  Gilbert. 


APPENDIXTABLES. 


X  (p.  58). — Home  Produce,  Imports,  and  Consumption  of  Wheat, 
the  United  Kingdom,    40   Harvest- Years,   1852-3  to  1891-2, 
lusive. 

H.  (facing  p.  58). — Home  Produce,  Imports,  Consumption,  and 
ce  of  Wheat,  in  the  United  Kingdom,  40  Harvest- Years, 
»2-3  to  1891-2,  inclusive. 
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Appeitdix-Tablb  I.— Home  Produce,  Importt,  and  Conewnplian  ^  Wk 
the  United JCingdom,    40  HarvMt-Yiart,  1852-8  to  1891-^2,  induti 
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Introduction  and  Historical  Sketch. 

It  has  frequently  been  explained  that  the  general  scope  and 
plan  of  the  Rothamsted  field  experiments  have  included  the 
growth  of  some  of  the  most  important  crops  of  rotation,  each 
separately,  year  after  year,  for  many  years  in  succession  on  the 
same  land,  without  manure,  with  farmyard  manure,  and  with  a 
great  variety  of  chemical   manures — the  same   description  of 

A   £i 
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manure  being,  as  a  rule,  applied  year  after  year  on  the  same 
plot.  Bat,  besides  such  experiments,  what  may  in  a  sense  be 
called  complementary  series  have  also  been  made — on  the 
growth  of  crops  in  an  actual  course  of  rotation,  without  and 
with  diiSerent  manures.  Lastly,  others  have  been  conducted  oi 
the  mixed  herbage  of  permanent  grass-land,  both  without  anc 
with  various  manures. 

It  is  obvious  that  the  results  of  the  field  experiments  witl 
individual  crops  must  of  themselves  throw  much  light  on  th< 
characteristic  requirements  of  the  particular  crop  under  investi< 
gation  ;  whilst  those  on  the  growth  of  crops  in  an  actual  course 
of  rotation  will  serve  to  confirm  and  control  those  obtained  witl 
the  individual  crops ;  and  they  will,  in  their  turn,  receive  elucida- 
tion from  the  results  with  the  individual  crops.  Then,  again,  Uu 
results  of  experiments  on  the  application  of  different  manures  U 
the  mixed  herbage  of  permanent  grass-land,  which  includes 
among  others,  members  of  the  botanical  families  that  contribute 
some  of  the  most  important  of  our  rotation  crops,  may 
independently  of  their  value  in  reference  to  the  specifd  objecti 
for  which  they  were  undertaken,  be  expected  to  afford  inte- 
resting collateral  evidence  in  regard  to  the  requirements  o 
individual  plants  when  thus  grown  in  association,  instead  o 
separately  year  after  year,  or  in  rotation,  as  in  the  other  serie 
of  experiments.  Obviously,  too,  the  chemical  statistics  of  tin 
crops  so  variously  grown,  and  of  the  soils  of  the  plots  npoi 
which  they  have  been  grown,  must  afford  very  important  dati 
for  further  study  and  elucidation. 

The  individual  crops  which  have  been  grown  separately  yeaa 
after  year  on  the  same  land  include — wheat,  barley,  and  oats 
as  members  of  the  Order  Gramineae ;  beans,  clover,  and  othei 
plants,  of  the  Order  Leguminosae ;  turnips  of  the  CruciferaD 
sugar-beet  and  mangel-wurzel  of  the  Chenopodiaceae  ;  anc 
potatoes  of  the  Solaneae.  Then,  the  experiments  on  rotatior 
include  those  with  members  of  three  different  Orders  of  plants 
— turnips  of  the  Cruciferae,  barley  and  wheat  of  the  6ramine». 
and  clover  and  beans  of  the  LeguminossB.  Lastly,  there  are  the 
experiments  on  the  mixed  herbage  of  permanent  grass-land, 
which,  besides  gramineous  and  leguminous  plants,  includes 
numerous  species  of  other  natural  Orders. 

The  first  experiments  made  were  those  with  root-crops, 
which  were  commenced  in  June  1843,  so  that  the  present  year 
(1894)  is  the  fifty-second  of  their  continuance.  The  second  were 
those  on  wheat,  commenced  in  the  autumn  of  1843,  so  that  the 
crop  just  harvested  is  the  fifty-first  grown  in  succession  on  the 
same  land.     The  experiments  with  beans  were  commenced  in 
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1847;  but,  for  reasons  which  have  been  explained  in  various 
jsapere,  they  have  not  been  continued  up  to  the  present  time. 
Those  with  clover  were  commenced  in  1848,  and  have  been 
succeeded  on  the  same  land  by  others  with  various  leguminous 
plants,  which  are  still  continued.     Then,  of  the  other  more  im- 
portant series,  those  on  barley  were  commenced  in  1852,  and  are 
«till  in  progress,  the  crop  of  the  present  year  being,  therefore, 
the  forty-third  in  succession.    Experiments  with  oats  were  com- 
menced in  1869,  and  continued  for  ten  years ;  and  others,  on  the 
growth  of  wheat  alternated  with  fallow,  but  without  manure, 
'•rer©  commenced  in  1851,  and  are  still  going  on,  1894  being, 
therefore,  the  forty-fourth  year.     Of  the  other  field  experiments, 
these  on  the   mixed   herbage   of  permanent  grass-land  were 
commenced  in  1856,  so  that  this  year  completes  the  thirty- 
ninth  of  their  continuance.      Lastly,  the  experiments  on  an 
actual  course  of  rotation  were  commenced  in  1848,  and  are  still 
continued,  so  that  the  present  is  their  forty-seventh  year. 

In  former  papers  in  this  Journal,  and  elsewhere,  the  influ- 
ence of  exhaustion,  manures,  and  variations  of  season,  on  the 
aoionnts  of  produce,  and  on  the  composition,  of  certain  indi- 
^dual  and  typical  crops,  when  each  is  grown  separately  year 
after  year  on  the  same  land,  have  been  considered.     In  this  way, 
there  have  been  discussed  the  characteristic  requirements  and 
^■^^sults  of  growth — of  various  cereal  crops,  of  various  root-crops, 
^^  potatoes,  and  lastly,  of  various  leguminous  crops.     Results  of 
th«  experiments  on  the  mixed  herbage  of  grass-land  have  also 
en  given  from  time  to  time. 

Our  subject  on  the  present  occasion  is  the  Rotation  of  Crops, 
^e  mere  numerical  results  of  the  field  experiments  made  at 
7^^<5thamsted  on  rotation  have  been  recorded  in  the  annual 
Memoranda  " ;  but  no  systematic  discussion,  either  of  them  or 
the  laboratory  investigations  undertaken  in  connection  with 
em,  has  hitherto  been  published ;  and  although  the  present 
^^^mmunication  embodies  a  good  deal  of  detail,  and  a  somewhat 
^^'^mprehensive  consideration  of  it,  there  still  remains  much 
^^tich  could  not  be  included  within  the  limits  of  this  paper. 

The  practice  of  Rotation  is  admitted  to  be  the  foundation  of 

^*^e  improvements  in  our  own  agriculture  which  have  taken  place 

^tiring  this  and  a  considerable  part  of  the  last  century.     It  is  of 

R'^t  importance,  therefore,  carefully  to  consider,  both  in  what  the 

PitkJtice  itself  consists,  and  how  its  benefits  are  to  be  explained. 

If  the  rotation  of  crops  as  followed  in  our  own  country,  indeed 

^er  large  portions  of  Europe,  were  to  be  defined  in  the  fewest 

POfisible  words,  it  might  be  eaid  that  it  consists  in  the  alternation 

of  root- crops,  and  of  leguminous  crops,  with  cereals.     In  the 
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United  States,  however,  it  is  a  gramineous  crop — maize — which 
largely  takes  the  place  of  root-crops  in  Europe. 

The  cereals  constituting  such  a  very  important  element  of 
human  food,  it  was  natural  that  they  should  be  grown  almost 
continuously  so  long  as  the  land  would  yield  remunerative 
crops.  Hence,  the  history  of  agriculture,  not  only  in  our  own 
country,  but  in  others  where  these  crops  were  of  high  relative 
value,  shows  that  it  very  generally  came  to  be  the  custom  to 
grow  them  for  a  number  of  years  in  succession,  and  then  to 
have  recourse  to  bare  fallow ;  or,  in  some  cases,  to  abandon  the 
land  to  the  growth  of  rough  and  weedy  herbage,  affording 
scanty  food  for  domestic  animals. 

The  improvement  upon  these  practices,  attainable  by 
alternating  other  crops  with  the  cereals,  was  very  much 
earlier  recognised  in  the  case  of  the  leguminous  than  of  the 
root-crops,  the  introduction  of  which  is  of  comparatively  receni 
date. 

It  was,  in  fact,  distinctly  recognised  by  the  Romans  mon 
than  two  thousand  years  ago,  not  only  that  certain  leguminone 
crops  were  valuable  as  food  for  animals,  but  that  their  growtit 
enriched  the  soil  for  succeeding  crops — in  fact,  that  they  were  o: 
value  as  restorative  crop^  grown  in  alternation  with  the  cereals. 
There  is,  however,  very  scanty  indication  that  root-crops  weK 
an  element  in  their  alternate  cropping. 

As  in  the  agriculture  of  the  ancients,  so  in  that  of  more 
modem  times,  especially  in  our  own  country,  various  legumi- 
nous crops  were  grown  in  alternation  with  cereals  long  before 
roots  were  so  interpolated. 

It  was,  indeed,  not  until  about,  or  after,  1730  that  Lon 
Townshend,  who,  as  Secretary  to  George  I.,  had  been  in  Hano 
ver,  and  there  seen  turnips  growing  as  a  field  crop,  on  hi 
return  introduced  them  on  his  own  estate  in  Norfolk,  and  ther 
founded  the  celebrated  Norfolk  four-course  rotation  of  tumipe 
barley,  clover,  and  wheat.  His  own  land  was  previously  to  i 
great  extent  a  marshy  or  sandy  waste,  and  its  value  wa 
increased  enormously  under  the  new  system.  It  was,  howevei 
not  until  towards  the  end  of  the  century  that  it  became  gene 
rally  adopted  even  throughout  his  own  county.  In  this  exten 
sion  Mr.  Coke,  of  Holkham  (afterwards  Earl  of  Leicester),  wa 
largely  instrumental,  and  the  practice  seems  to  have  nes 
extended  into  Lincolnshire. 

It  was  thus  that  The  Four-cmirse  Rotation,  or,  in  othc 
words,  the  alternation  of  root-crops  and  of  leguminous  crop 
with  cereals,  became  established.  Such  alternation  is,  in  faci 
the  basis  of  all   the  various   rotations  which  are  adopted  i 
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different  parts  of  our  own  conntry,  and  also  to  a  great  extent 
which  are  followed  in  many  other  countries. 

It  is  worthy  of  remark  that,  although  we  owe  the  introduo 
tion  of  the  essential  elements  of  our  rotations  to  the  example  of 
our  C!ontmental  neighbours,  we,  with  one  or  two  immaterial 
exceptions,  obtain  more  per  acre  of  all  the  staple  saleable 
prodacts  of  rotation,  grain  and  meat,  under  our  landlord, 
tenant,  and  labourer  system,  than  any  other  country  in  Europe, 
or  than  in  America,  under  whatever  advantages  of  climate,  or 
under  whatever  system  of  holding,  or  of  size  of  holdings.  Thus, 
there  is  not  a  single  country  in  Europe  that  reaches  our  average 
prodnce  per  acre  of  wheat ;  only  Belgium  and  Holland  approach, 
hut  they  do  not  equal,  us  in  the  produce  of  barley;  only 
^gium,  Holland,  and  Norway  exceed  us  in  acreage  yield  of 
^ts;  and  no  country  approaches  us  in  acreage  produce  of 
potatoes.  Again,  whilst  several  countries  exceed  us  in  number 
of  cows  to  a  given  area,  and  some  in  the  number  of  pigs,  not 
one  equals  us  in  weight  per  acre  of  other  cattle  than  cows ; 
^i  not  one  nearly  approaches  us  in  the  weight  of  sheep  to  a 
P^sn  area.  Nor,  notwithstanding  the  great  depression  of  our 
^culture  in  recent  years,  the  result  of  the  low  prices  of 
P'^uce,  is  there  any  probability  that  we  shall  soon  lose  our 
P^'^^minence  in  production  per  acre. 

There  can  be  no  doubt  that  the  effect  of  the  extension  of 

^®  growth  of  green  crops  was — to  a  great  extent  to  get  rid  of 

?^pirofitable  fallows,   greatly  to  increase  the  supply  of  stock 

foo^^   especially  for   winter  feeding ;  so  to  lead  to  a  largely 

incj^ased  production  of  meat  and  milk,  to  a  greatly  increased 

^Pj>ly  of  manure,  and  thus  to  enrich  the  land  for  the  growth 

^^Si^in,  which,  accordingly,  yielded  much  larger  crops. 

"We  have  now  to  endeavour  to  ascertain  how  the  admittedly 
^^^^  beneficial  effects  of  alternate,  as  distinguished  from 
^^^'tinuous,  cropping  are  to  be  explained.  It  will  be  well  first 
^^*^  briefly  to  refer  to  some  of  the  chief  theoretical  explanations 
^^ti  have  been  put  forward,  and  afterwards  to  discuss  the 
^^^Xilts  of  various  direct  experimental  investigations  conducted 
*^  Xlothamsted  on  the  subject  of  rotation. 

The  first  definite  theory  as  to  the  benefits  of  the  alternation 
^^  crops  assumed  that  the  excreted  matters  of  one  description 
^^  crop  were  injurious  to  plants  of  the  same  description,  but 
^*^^t  they  were  not  so,  and  might  even  be  beneficial,  to  other 
kinds  of  plants. 

At  first  Liebig  pronounced  this  theory  of  rotation  to  be  the 
only  one  having  any  really  scientific  basis.     Later  he  seems  to 


8  Boiatian  of  Oraps. 

have  modified  his  view  considerably,  and  to  have  sappoied 
that  the  explanation  was — not  that  the  excreted  mattes  of  one 
description  of  plant  were  injurious  to  another  of  the  same 
description,  but  that,  as  the  different  plants  had  such  very 
different  mineral  requirements,  the  alternation  of  one  kind  with 
another  relieved  the  soil  from  exhaustion.  In  his  latest  work, 
however,  after  many  years  of  controversy,  he  obviously  more 
fully  recognised  that  nitrogen  probably  played  some  important 
part  in  the  matter. 

More  than  fifty  years  ago  Boussingault  published  the 
results  of  an  investigation,  extending  over  a  period  of  ten 
vears,  to  determine  the  chemical  statistics  of  some  of  the 
rotations  actually  followed  in  his  own  locality,  in  Alsace; 
and  he  came  to  the  conclusion  that  the  difference  in  the 
amounts  of  nitrogen  taken  up  by  the  different  crops  constituted 
a  very  important  element  in  the  explanation  of  ihe  benefits  of 
rotation. 

We  can  only  further  briefly  refer  to  the  results  and  conclu- 
sions of  the  late  Professor  Daubeny,  of  Oxford,  who  commenced  a 
series  of  experiments  in  the  Botanic  Garden  tliere  in  1834.  One 
of  the  original  objects  he  had  in  view  was  to  test  the  truth  of  De 
CandoUe's  theory  that  the  excretions  of  one  description  of  plant 
were  injurious  to  plants  of  the  same  description.  He  soon  came 
to  a  negative  conclusion  on  the  subject ;  and  recognised  the 
validity  of  Boussingault's  argument  that  the  actual  facts  o: 
vegetation  in  different  parts  of  the  world  conclusively  showec 
that  the  same  description  of  plant  may  continue  to  gro^ 
healthily  on  the  same  land  for  long  periods  of  time.  On  thi 
point  it  is  scarcely  necessary  to  add  that  the  experience  a^ 
Rothamsted  on  the  growth  of  various  agricultural  crops  yea 
after  year  on  the  same  land  for  many  years  in  succession  ii 
conclusive  against  the  theory  of  injurious  or  poisonou! 
excretions. 

But,  as  already  said,  Dr.  Daubeny  continued  his  experi 
ments  for  ten  years;  and  although,  in  accordance  with  tin 
prevailing  ideas  of  the  time,  all  his  analytical  results  related  U 
the  mineral  constituents  of  his  soils  and  crops,  his  main  con 
elusion  was,  that  the  benefits  of  rotation  were  probably  as  mud 
connected  with  the  available  supply  of  the  organic  as  of  the  in- 
organic constituents. 

What,  then,  are  the  indications  of  the  results  of  many  years 
of  investigation  of  the  subject,  in  the  field  and  in  the  laboratory, 
at  Rothamsted? 
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The  Experiments  on  Rotation  made  at  Rothamsted. 

The  experiments  have  been  conducted  in  Agdell  Field.  An 
area  of  2^  acres  is  devoted  to  the  purpose.  The  ordinary 
fonr-conrse  rotation  of — turnips,  barley,  clover  (or  beans),  or 
&II0W,  and  wheat,  was  adopted.  The  experiments  were  com- 
menced in  1848,  so  that  the  eleventh  course  of  four  years  each 
was  completed  with  the  harvest  of  1891  ;  and  the  wheat  which 
las  just  been  sown  (October  1894)  is  the  fourth  crop  of  the 
twelfth  coarse,  and  will  complete  the  forty-eighth  year  of  the 
e^Eperiments. 

The  area  of  2^  acres  was  divided  into  three  main  divisions, 
which  have,  respectively,  been  under  the  following  conditions 
as  to  manuring:— 

1.  Without  manure  from  the  commencement. 

2.  For  the  first  nine  courses,  manured  with  superphosphate 
*Jone,  applied  only  for  the  turnip  crop  commencing  each  course ; 
tha^t  is,  once  every  four  years.  For  the  tenth,  and  each  subse- 
quent course,  salts  of  potash,  soda,  and  magnesia,  have  been 
applied  as  well  as  superphosphate. 

3.  A  complex  artificial  manure,  also  applied  every  fourth 
year  ;  that  is,  for  the  turnips  commencing  each  course.  This 
n^^iiure  comprises — superphosphate,  salts  of  potash,  soda,  and 
i^gnesia,  ammonium-salts,  and  rape-cake;  and  it  supplies 
about  140  lb.  of  nitrogen  per  acre  for  the  four  years'  course ; 
"^t  is,  an  average  of  35  lb.  of  nitrogen  per  acre  per  annum. 

The  complex  manure  (3)  was  designed  to  be,  in  great  measure, 

?  Substitute  for  farmyard  manure ;  and  it  was  used  instead  of  it, 

^^  Order  that  the  amount  of  the  different  constituents  supplied 

^^ght  be  more  accurately  known  than  would  have  been  the 

^^^^  if  farmyard  manure  had  been  employed. 

It  should  be  further  explained,  that  when  the  land  is  under 

P^^^ps,  the  roots,   with  their  leaves,  are  removed  from   one 

*^lf  of  each  of  the  three   differently  manured  plots ;  whilst,  on 

^^  other  half  of  each,  the  produce  is  consumed  on  the  land  by 

*^^p  ;  or,  if  the  weather  be  unsuitable  for  this,  the  roots  are 

^^ced,  and  both  roots  and  leaves  are  spread  on  the  land.    Thus, 

^^oh  of  the  three  main  divisions  is  divided  into  two,  making,  so 

^^>  six  in  all. 

Then  again,  after  the  first  course  of  four  years,  in  the  third 
^^^i*  of  each  course  the  leguminous  crop  was  grown  on  only  half 
^*  each  of  the  three  differently  manured  plots,  and  the  other 
^^If  was  left  fallow.  Lastly,  as  clover  cannot  be  relied  upon  on 
y^^h  land  so  often  as  once  in  four  years,  beans  have  frequently 
^^n  grown  instead. 
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We  have  finally,  therefore,  twelve  plots  instead  of  only  three. 
That  is  to  say,  each  of  the  three  differently  manured  plots  is 
divided  into  four  as  above  described,  and  as  indicated  in  the 
heading  of  the  several  Tables ;  and,  as  the  same  form  of  table 
will,  as  far  as  possible,  be  adopted  throughout,  it  is  very  desirable 
that  a  clear  idea  of  the  arrangement  should  be  formed  at  the 
outset.  It  will  be  seen  that  under  each  of  the  three  main  divi- 
sions designated  in  the  heading  according  to  the  manuring,  the 
results  are  subdivided,  showing  first  the  produce  obtained 
where  the  roots  were  carted  from  the  land ;  and  secondly,  where 
they  were  fed  (or  left)  upon  it.  Lastly,  under  each  of  these 
two  conditions  so  far  as  the  disposal  of  the  turnips  is  concerned, 
there  is  again  a  subdivision  into  two — one  where  in  the  third 
year  of  the  course  the  land  was  left  fallow,  and  the  other  where 
either  clover  or  beans  was  growB. 

Each  year  the  amount  of  produce  on  each  of  the  various 
plots  is  weighed ;  samples  of  each  crop  are  taken  ;  in  all  the 
dry  substance  and  the  mineral  matter  (ash),  and  in  many  the 
nitrogen,  are  determined  ;  in  many  cases  also  complete  analyses 
of  the  ashes  of  the  crops  have  been  made.  Lastly,  determina- 
tions of  the  total  nitrogen  have  been  made  in  the  surface  soils, 
and  in  the  upper  layers  of  the  subsoils,  at  different  periods ; 
and  the  nitrogen  as  nitric  acid  has  also  been  determined  to  a 
considerable  depth.  As  to  the  results  themselves,  only  brief 
reference  to  the  main  indications  of  these  various  investigations 
can  be  made. 

Tables  I.,  II.,  III.,  and  IV.  give  the  amounts  of  produce  of 
the  turnips,  the  barley,  the  leguminous  crops,  and  the  wheat, 
respectively,  in  each  of  the  eleven  years  in  which  each  was 
grown,  in  the  eleven  completed  courses.  Each  Table  is  divided 
into  three  main  divisions— the  upper  one  giving  the  roots,  or 
the  grain,  &c.,  as  the  case  may  be ;  the  middle  the  leaves,  or 
the  straw ;  and  the  lower  one  the  total  produce — roots  and 
leaves,  or  grain  and  straw,  together. 

The  Swedish  Turnip  Crops. 

Referring  to  Table  I.,  relating  to  the  Swedish  turnips,  it  is 
seen  that  in  the  first  year,  1848,  there  was,  both  without 
manure  and  with  superphosphate  alone,  much  more  produce 
than  in  any  subsequent  year ;  showing  that,  at  the  commence- 
ment, the  land  was  in  somewhat  high  condition  due  to  pre- 
vious treatment.  Then,  again,  as  already  said,  for  the  tenth 
and  eleventh  courses,  salts  of  potash,  soda,  and  magnesia,  were 
used  as  well  as  superphosphate.   For  these  reasons,  the  results  of 
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the  first  and  of  the  tenth  and  eleventh  courses  are  excluded 
from  the  averages  to  which  attention  will  chiefly  be  confined. 
In  this  Table,  however,  as  well  as  in  those  relating,  respectively, 
to  the  barley  and  the  wheat,  averages  are  given  at  the  foot  of 
each  division  of  the  Tables,  not  only  for  the  eight  intermediate 
courses — second  to  ninth,  but  also  for  the  two  succeeding  courses 
— tenth  and  eleventh,  for  which  potash,  soda,  and  magnesia  were 
used  as  well  as  superphosphate.  But,  for  the  leguminous  crops, 
the  averages  are,  for  reasons  that  will  be  explained,  taken  dif- 
ferently. 

The  first  point  to  notice  in  the  results  is  that,  under  each 
condition  as  to  manuring,  there  is  very  great  variation  in  the 
amount  of  produce  from  year  to  year  according  to  the  seasons. 
Thus,  in  1868,  the  crop  entirely  failed  on  all  the  plots,  although 
seed  was  sown  twice.  Again,  whilst  the  complex  manure  con- 
taining nitrogen  yielded  more  than  22  tons  of  roots  in  1880,  the 
same  manure  gave  little  more  than  4  tons  in  1860 ;  the  average 
yield  over  the  eight  courses  being  about  13  J  tons.  Against 
this,  the  average  by  superphosphate  alone  ranged  from  about 
6^  to  about  7^  tons;  whilst  without  manure  there  was  an 
average  of  only  about  1  ton. 

Referring  to  this  last  result,  it  is  particularly  to  be  observed 
that  this  assumed  restorative  crop  yields  practically  no  produce 
at  all  when  grown  without  manure. 

The  plot  with  superphosphate  alone  gives  very  much  nacre 
than  that  without  manure,  but  still  very  much  less  than  an 
average  agricultural  crop.  The  increase,  such  as  it  was,  was 
largely  due  to  the  greatly  increased  development  of  feeding-root 
within  the  surface-soil  under  the  influence  of  the  phosphatic 
manure ;  and  the  necessary  nitrogen,  beyond  the  small  amount 
of  combined  nitrogen  annually  coming  down  in  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere,  has  doubtless  been 
gathered  under  the  influence  of  the  increased  root-development 
from  the  previous  accumulations  within  the  soil  itself.  There 
is,  in  fact,  perhaps  no  agricultural  practice  by  which  what  is 
termed  the  condition  of  land,  that  is  the  readily  available  fer- 
tility due  to  recent  accumulations,  can  be  so  rapidly  exhausted 
as  by  growing  turnips  on  it  by  superphosphate  alone — provided 
of  course  that  the  seasons  are  favourable. 

Compared  with  the  produce  with  superphosphate  alone,  the 
mixed  manure,  supplying,  besides  superphosphate,  not  only 
salts  of  potash,  soda,  and  magnesia,  but  a  liberal  amount 
of  nitrogen,  yielded,  on  the  average  of  the  eight  courses,  nearly 
twice  as  much,  or  between  13  and  14  tons  of  roots;  though,  s^ 
already  pointed  out,  it  yielded  in  some  seasons  over  20  tons  per 
acre.     There  can  be  no  doubt  that,  the  necessary  mineral  con- 
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entfi  being  available,  there  was  a  large  increase  of  produce 
to  tike  supply  of  nitrogen  in  the  manure. 
nbe  figures  in  the  middle  division  of  the  Table  show  that  the 
ooe  of  leaf  as  well  as  that  of  roots  was  increased  by  super- 
phate,  and  that  it  was  still  further  increased  by  the  mixed 
ire  containing  nitrogen. 

^he  next  point  is  to  consider  the  effects  of  the  other  con- 
[is  besides  those  of  different  manure  supply ;  that  is,  the 
val  of  the  root-crop,  or  the  feeding  or  the  spreading  of  it 
the  land ;  also  whether,  in  the  third  year  of  each  course,  a 
ninous  crop  was  grown,  or  the  land  was  fallowed, 
t  is  seen  that,  without  manure,  whether  clover  or  beans 
grown,  or  the  land  were  fallowed,  there  was  even  rather 
iverage  produce  of  roots  over  the  eight  years  where  they 
been  fed  on  the  land,  than  where  they  had  been  carted  off; 
vith  such  very  small  crops  the  differences  are  immaterial,  if 
•ccidental. 

)n  the  superpJwsphat^  plots,  where  the  produce  was  much 
3r,  and  where  there  would,  therefore,  be  more  loss  to  the 
by  removal,  the  crops  were  materially  better  on  the  fed 
ons  of  the  plots. 

hi  the  mixed  raanure  plots,  on  the  other  hand,  with  nearly 
)  as  much  produce  as  with  superphosphate  alone,  there  would 
lill  greater  difference  between  the  condition  of  the  land 
e  the  roots  were  carted  off  and  where  they  were  fed  on ; 
there  was  very  little  difference  in  the  average  produce  of 
oot  crop. 

t  will  be  seen  further  on,  that  the  higher  condition  of  the 
where  the  more  highly  manured  roots  were  fed  upon  it  had 
y  marked  effect  on  the  succeeding  cereal  crops,  and  espe- 
r  on  the  immediately  succeeding  barley.  This  was  the  case 
>th  the  superphosphate  and  the  mixed  manure  plots, 
lie  difference  of  effect  on  the  average  produce  of  the  root- 
by  fallowing,  or  by  growing  beans  or  clover,  in  tike  third 
of  each  course  is,  in  the  comparable  cases,  practically 
iterial  under  each  of  the  three  different  conditions  as  to 
iring. 

tefore  passing  fix)ra  Table  I.  it  is  to  be  observed  that  there 
ligher  average  produce  over  the  tenth  and  eleventh  courses 
superphosphate  and  potash,  soda,  and  magnesia,  than  over 
receding  eight  courses  with  superphosphate  alone.  But,  as 
I  was  also  increase  in  a  greater  degree  with  the  mixed  mineral 
litrogenous  manure  over  the  two  than  over  the  eight  years, 
obvious  that  the  character  of  the  seasons  had  a  good  deal  to 
ith  the  result.  It  is  noticeable,  however,  that  on  the  plots 
potash,  soda^  and  magnesia,  as  well  as  superphosphate,  in 
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the  two  courses,  there  was  a  higher  prodace  of  roots  on  theplo 
where  beans  or  clover  were  grown  than  on  those  that  were  & 
lowed ;  a  result  doubtless  due  to  the  increased  growth  of  tl 
legamiDOUS  crop  under  the  in&uence  of  the  potash  manuring,  u 
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to  accamulation  of  nitrogen  in  the  soil  thereby.  It  may  fnrti 
be  observed  (tbongh  not  shown  in  the  Table)  that  in  1893 — that 
the  first  year  of  the  twelfth  coarse — the  produce  of  the  maniu 
plots  was  generally  higher  than  in  either  of  the  two  precedl 
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■  The  accompanying  figures  represent  selected  typical  Swedish 

f  inmip-planta,  grown  in  1892 — without  manure,  with  the  mixed 

mineral  manure  alone,  and  with  the  mixed  mineral  and  nitro- 
genous manure.     Each  plant  was  fixed  upon  a  scaled  back- 
ground and  so  photographed,  and  the  figures  as  given  are  about 
one-twentieth  natural  size,  and  strictly  comparable.    The  quan- 
tities of  produce  recorded  show  that  without  manure  it  was  less, 
but  that  by  each  of  the  two  descriptions  of  manure  it  was  con- 
siderably more,  than  the  average  of  the  preceding  courses ;  and 
both  the  reversion  to  the  uncultivated  condition  without  manure, 
ctnd  the  increased  growth  under  the  influence  of  each  of  the 
^manures,  are  strikingly  illustrated,  both  by  the  figures  and  by 
tJne  amounts  of  produce  given.     Indeed,  the  results  conclusively 
sluow  how  artificial  a  product  is  the  cultivated  root-crop,  and  how 
dependent  it  is  for  its  successful  growth  on  an  abundant  supply  of 
^'v^ailable  food — nitrogenous  as  well  as  mineral — within  the  soil. 

The  Bwrley  Crops. 

Table  11.  gives  the  produce  of  barley,  the  second  crop  of 

tihe  course,  and  therefore  always  succeeding  the  roots,  in  each  of 

tbe  eleven  years  in  which  it  was  grown,  in  precisely  the  same  form 

8«  "that  of  the  Swedish  turnips  recorded  in  Table  I. :  the  upper 

division  giving  the  grain  per  acre,  the  middle  division  the  straw, 

and  the  lower  one  the  total  produce,  grain  and  straw  together. 

As  in  the  case  of  the  root-crops,  so  in  that  of  the  barley,  the 
produce  in  the  first  course  is  excluded  from  the  calculation  of 
tke  averages  to  which  reference  will  chiefly  be  made.  Indeed,  the 
r^nlta  of  the  first  year  of  barley  confirm  the  conclusion  that  the 
[  land  was  in  somewhat  high  condition  due  to  recent  accumula- 
!  tions.  The  produce  of  the  tenth  and  eleventh  courses  is  also  ex- 
cluded from  the  averages,  on  account  of  the  change  of  manure  on 
^®  superphosphate  plot  for  the  tenth  and  succeeding  courses. 

Referring,  however,  first  to  the  results  of  each  of  the  eleven 

years,  it  is  seen  that,  under  each  condition  of  manuring,  or  other 

^^tment,  there  is  very  great  variation  in  the  amount  of  produce 

^  year  to  year,  due  to  variations  in  the  characters  of  the 

®f  ^sotis.     Thus,  without  manure,  the  average  produce  over  the 

^^filit  courses  was  about  30  bushels  per  acre,  whilst  in  1857  it 

^^  in  each  case  more  than  40  bushels,  and  in  some  considerably 

°^^^e ;  but  in  1869  and  in  1873  it  was  not  much  over  20  bushels, 

^^d  in  the  last  two  courses  considerably  less  than  20,     A  glance 

.^tx  the  columns  recording  the  produce  on  the  manured  plots 

^^^1    diow  that  in  their  case  also  there  was  a  wide  range  in 

**^^Tint  above  and  below  the  averages,  according  to  season. 

^       {inferring  now  to  the  average  produce  of  the  eight  courses 

v^^Cond  to  ninth),  the  first  point  to  notice  is,  that  whilst  the 
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assumed  restorative  crop — the  roots — gave  practically  no  pro- 
duce at  all  without  manure,  the  barley  gave,  on  land  un- 
manured  for  so  many  years,  an  average  of  rather  over  30  bushels 
per  acre.  The  truth  is  that  the  cultivation  for  the  preceding 
roots  kept  the  land  clean,  and  as  there  was  practically  no  pro- 
dace  of  roots,  the  soil  was,  in  point  of  fact,  left  almost  fallow 
for  the  barley  during  the  winter  preceding  the  roots,  during  the 
root-crop  period  itself,  and  during  the  succeeding  winter,  before 
the  sowing  of  the  barley.  There  was,  therefore,  very  good 
preparation  for  the  barley.  It  will  be  seen  further  on  that, 
when  gfrown  continuously  without  manure,  both  wheat  and 
barley  yield  more  in  proportion  to  their  respective  averages 
under  ordinary  cultivation  than  does  either  of  the  fallow  crops — 
the  roots  or  the  leguminous  crops.  Yet,  the  produce  of  barley 
in  rotation  without  manure  was  much  in  excess  of  that  when  it 
is  grown  continuously;  the  explanation  doubtless  being,  as 
above  referred  to,  that  the  crop  had  been  grown  after  well-cul- 
tivated bare  fallow. 

Next,  it  is  to  be  observed  that,  there  having  been  practically 
no  crop  of  roots  without  manure,  there  was  no  material  differ-* 
ence  between  the  yield  of  the  succeeding  bai-ley  where  the  roots 
were  carted  off  or  where  they  were  fed  on  the  land. 

Turning  now  to  the  produce  on  the  four  plots  with  super- 
phosphate alone,  it  is  seen  that  whilst  the  average  yield  of 
barley  on  the  two  portions  from  which  the  roots  had  been  carted 
off  was  under  28  bushels,  that  on  the  portions  where  they  had 
been  fed  on  the  land  was,  in  one  case  more  than  35  i,  and  in  the 
other  38  bushels.  The  effect,  on  the  one  hand  of  the  removal 
of  the  larger  crop  of  roots,  and  on  the  other  of  the  retention  on 
the  land  of  the  greater  part  of  its  constituents,  is  thus  very  evi- 
dent. It  is  further  to  be  remarked,  that  the  produce  of  barley 
where  the  roots  grown  by  superphosphate  had  been  removed 
fronoi  the  land,  was  even  less  than  on  the  two  corresponding 
portions  of  the  unmanured  plot.  Thus,  there  is  confirmation  of 
the  supposition  that  the  higher  crop  of  barley  without  manure 
was  due  to  the  previous  preparation,  and  conservation  of  con- 
stituents, by  fallow ;  and  that  the  lower  produce  on  the  super- 
phosphate plot  where  the  roots  had  been  removed  was  largely 
due  to  so  much  greater  exhaustion,  especially  of  the  available 
nitrogen,  of  the  surface  soil. 

Next  it  is  seen  that,  on  the  plots  where  the  mixed  manure 
containing  nitrogen  had  been  applied  for  the  preceding  turnips, 
the  produce  of  barley  was  on  a  much  higher  level ;  and  it  was 
xnach  higher  on  the  portions  where  the  turnips  had  been  fed  on 
the  land  than  on  those  from  which  they  had  been  removed. 

B 
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It  may  be  observed,  that  the  produce,  even  on  the  plots  witkf 
superphosphate  alone,  was,  where  the  roots  had  been  fed  on  th^. 
land,  about  the  average  of  the  country  at  large  under  ordinarj^ 
rotation — namely,  from  36  to  38  bushels ;  whilst,  on  the  fuLf . 
manured  plot,  the  produce  was  much  more  than  this — namely^ 
in  one  case  40|,  and  in  the  other  42 1  bushels,  where  the  rootcS 
had  been  removed ;  and  where  they  had  been  fed  on  the  land,  !■-  i 
one  case  48f ,  and  in  the  other  47|  bushels. 

Thus,  then,  the  effect  on  the  succeeding  barley  of  the  fuF  -■ 
mineral  and  nitrogenous  manure  applied  for  the  preceding  tui 
nips  is  very  obvious ;  whilst  the  effect,  on  the  one  hand  of 
removal  of  the  root-crop,  and  on  the  other  of  the  retention 
the  land  of  most  of  its  constituents,  is  also  very  marked.     Tl 
experimental  results  relating  to  the  second  crop  of  the  course- 
the  barley — so   far  fully  confirm,  therefore,  the  explanatioi 
which  have  been  given  of  the  beneficial  effects  of  root-crops  gro 
under  the  ordinary  conditions  of  manuring,  on  the  succ 
cereal  grown  in  alternation  with  them. 

Examination  of  the  results  relating  to  the  quantities  of  stra 
and  of  total  produce  (grain  and  straw  together),  as  given  in  t 
middle  and  lower  divisions  of  the  Table,  will  show  that  they  ful 
bear  out  the  general  conclusions  that  have  been  drawn  from 
consideration  of  the  produce  of  the  grain  alone. 

The  Leguminous  Crops  {or  Fallow), 

Table  III.  gives  for  the  third  element  of  the  typical  fouc: 
course  rotation — the  leguminous  crops — the  results  obtained 
each  of  the  eleven  years  of  the  forty-four  in  which  they 
grown,  in  exactly  the  same  form  as  those  previously  recoi 
for  the  turnips  and  for  the  barley.     But,  as  in  some  of  the  yeai 
clover,  and  in  others  beans,  were  grown,  the  averages  are  her^ 
taken,  not  for  the  eight  and  for  the  two  courses,  as  with  tli-  ^ 
other  crops,  but,  respectively,  for  the  four  years  of  the  eleven  ii 
which  clover  was  grown,  and  for  the  seven  in  which  beans  w< 
grown. 

A  glance  at  the  Table  brings  to  view  some  of  the  difficulties^ 
connected  with  the  growth  of  these  crops.  Thus,  although  the^ 
scheme  of  the  four-course  rotation  supposes  the  growth  of  red. 
clover  as  the  third  crop  of  each  course,  that  is  once  in  four 
years,  it  has  in  fact  only  been  grown  four  times  in  the  forty-four 
years — namely,  in  the  first,  seventh,  ninth,  and  tenth  courses; 
and  when  it  failed  beans  were  grown  instead.  It  is,  indeed,  a 
matter  of  general  knowledge  and  experience,  that  it  is  only  on 
a  few  descriptions  of  soil  that  clover  can  be  grown  so  frequently 
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as  every  fourth  year  ;  and  in  many  cases  it  is  not  attempts 
grow  it  more  than  once  in  eight  years.  The  diflScultj 
growing  red  clover  or  beans  frequently  on  ordinary  arable  1 
has  been  very  fully  illustrated  in  our  experiments  on  the  gro 
of  leguminous  crops.  On  the  other  hand,  it  has  been  found  1 
red  clover  may  be  grown  for  many  years  in  succession  on  : 
garden  soil ;  and,  further,  that  on  ordinary  arable  land  wl 
clover  had  entirely  failed,  some  other  Leguminosae,  having  n 
extended  root  range,  or  more  powerful  root  habit,  grew  In 
riantly,  and  yielded  large  crops,  containing  large  amounb 
nitrogen,  for  a  number  of  years  in  succession.  Lastly,  in  anot 
field,  where  beans  had  frequently  failed,  red  clover  was  af 
wards  sown,  and  gave  unusually  large  crops. 

Referring  to  the  results  in  Table  III.,  it  is  seen  that  wl 
clover  was  grown  in  1850,  that  is  in  the  first  course,  and  wl 
it  had  not  been  grown  on  the  same  land  for  many  years,  la 
crops  were  obtained  on  all  the  plots  ;  though  the  larger  wh 
the  mixed  manure  including  potash,  and  also  nitrogen,  1 
been  applied  for  the  root-crop  three  years  previously.  ] 
the  second,  third,  and  fourth  courses,  clover  was  sown  with 
preceding  barley,  but  in  all  three  it  failed  in  the  winter,  i 
beans  were  grown  instead;  that  is,  in  1854,  1858,  and  18 
After  these  repented  failures,  clover  was  not  sown  for  the  fi 
and  sixth  courses,  but  beans  were  taken  instead,  in  1866  i 
in  1870.  In  the  seventh  course,  clover  was  sown  again,  ^ 
the  barley,  and  gave  three  cuttings  in  1874 ;  that  is,  twenty-f 
years  since  the  last  good  crop.  Without  manure,  the  prod 
was,  however,  not  much  more  than  one  ton  per  acre;  ^ 
superphosphate  it  was  much  more ;  and  with  the  mixed  mani 
including  potash,  much  more  still — corresponding  to  ab 
3^  tons  of  clover  hay.  For  the  eighth  course  clover  was 
^own,  but  beans  were  taken  in  1878.  For  the  ninth  and  te 
courses,  however,  clover  was  again  sown,  yielding  in  the  ni 
(1882)  even  more  than  in  1874  ;  but  in  the  tenth  (1886)  ii 
much  smaller  crops,  though  more  with  mineral  manure  al< 
now  including  potash,  than  with  the  mixed  manure  contain 
nitrogen  also.  Lastly,  for  the  eleventh  course,  clover  was  aj 
sown  with  the  barley,  but  failed,  and  in  1890  beans  were  gr< 
instead ;  the  crops,  as  in  the  case  of  the  clover  in  the  t€ 
course,  being  greater  with  mineral  manure  alone  (now  indue 
potash)  than  with  the  mixed  manure  containing  nitro 
also. 

Thus,  in  only  four  out  of  the  eleven  years  in  which  cl< 
should  have  been  grown,  was  any  crop  obtained,  and  beans 
to  be  taken  in  the  other  seven.     The  produce  of  clover  is  gi 
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in  the  lower  division  of  the  Table,  side  by  side  with  the  total 
produce  (com  and  straw)  of  the  hemis ;  and  the  results  for  the 
clover  are  entered  in  parentheses. 

Briefly  to  summarise  the  results  given  in  the  Table,  it  may 
be  stated  that  the  average  produce  of  clover,  reckoned  as  hay, 
was,  without  manure,  rather  over  3,000  lb. ;  with  the  super- 
phosphate (in  the  last  year  with  potash,  soda,  and  magnesia 
also)  nearly  6,000  lb. ;  and  with  the  mineral  and  nitrogenous 
manures  together  for  each  course,  about  6,800  lb.  With  the 
mineral  manure  alone,  therefore,  there  was  about  twice  as 
mach,  and  with  the  mineral  and  nitrogenous  manures  together, 
considerably  more  than  twice  as  much,  as  without  manure. 
Compared  with  these  amounts  of  clover  reckoned  as  hay,  the 
seven  bean  crops  (corn  and  straw  together)  gave  an  average 
of  about  1,700  lb.  without  manure,  of  nearly  2,400  lb.  with 
mberal  manure  alone,  and  about  3,200  lb.  with  the  mineral  and 
nitrogenous  manures  together. 

Not  only,  therefore,  was  the  average  produce  of  the  bean 

crop  very  much  less  than  that  of  the  clover,  but  in  point  of  fact 

it  was  only  in  one  year,  1862,  that  anything  like  a  really  good 

crop  of  beans   was   obtained.     It   may  be  added,  though  the 

point  will  be  further  illustrated  presently,  that  the  crops  of  the 

four  years  of  clover  contained,  even  without  manure,  about  as 

much  nitrogen  as,  and  with  each  of  the  two  manures  considerably 

^ore  than,  those  of  the  seven  years  of  beans.      In  fact,  the 

average  produce  of  the  bean  crop,  and  of  nitrogen  in  it,  was 

^6ry  much  less  than  in  the  case  of  the  clover.     Nevertheless, 

^ven  the  average  yield  of  nitrogen  was  much  more  in  the  beans 

"lan  in  either  of  the  cereals  with  which  they  were  grown  in 

^'ternation.      Thus,  without  manure,  the  four  clover  crops  gave 

an  average  of  60*2  lb.  of  nitrogen  per  acre,  and  the  seven  bean 

^ps  34*9  lb. ;  but  over  the  eleven  courses  the  barley  gave  an 

average  of  only  280  lb.,  and  the  wheat  of  only  317  lb.     With 

^^Heral  manure  alone,  the  average  yield  of  nitrogen  was,  in 

^^^  clover  119*2  lb.,  in  the  beans  49*2  lb.,  in  the  barley  only 

"^^'7  lb.,  and  in  the  wheat  only  393  lb.     Lastly,  with  mineral 

*^<1  nitrogenous  manure  together,  the  clover  gave  an  average 

yield  of  nitrogen  of  134*6  lb.,  the  beans  of  64*1  lb.,  the  barley 

^1  '2  lb.,  and  the  wheat  43*5  lb.     There  can,  indeed,  be  no  doubt, 

*'*^^t  the  leguminous  crops,  and  especially  the  clover,  growing 

^^  land  in  the  same  condition,  and  similarly  manured,  have  the 

Po\ver  of  taking  up  much  more  nitrogen  over  a  given  area  from 

®^^e  source,  than  the  cereals  with  which  they  are  interpolated  ; 

^}^^  that  the  beneficial  effects  of  the  growth  of  such  crops  in  rota- 

^Oti  with  the  cereals  are  intimately  connected  with  this  capability. 
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Before  passing  from  the  results  in  Table  III.  it  mxf    ... 
observed   that,   both   with   mineral   manure  alone,   and  i^^ 
mineral  and  nitrogenous  manure  together,  there  is  rather  m  ^^ 
produce,  both  of  the  clover  and  of  the  bean  crop,  where  f>^^ 
roots  had  been  fed  upon  the  land,  than  where  they  had  bef  ^^ 
carted  off;  that  is  the  higher  the  condition  of  the  land.     ThcJ^> 
then,  the  effects  of  the  treatment  of  the  first  crop  of  the  cour^^ 
— the  roots — on  the  produce  of  the  third  or  leguminous  crop  aT^ 
clearly  shown. 

As  already  referred  to,  in  the  second  and  subsequent  courses, 
when  the  third  year  came  round  each  plot  was  divided,  clover 
or  beans  being  grown  on  one  half,  and  the  other  half  left  fallow. 
We  have,  therefore,  the  means  of  comparing  the  effects  on  the 
other  crops  of  the  rotation — of  fallow  on  the  one  hand,  which 
of  course  removes  nothing  (though  there  may  be  the  more  loss 
by  drainage),  and  of  growing  beans  or  clover  on  the  other,  a 
characteristic  of  which  is  the  assimilation,  and  consequently 
the  removal  in  the  crops,  especially  of  large  amounts  of  nitrogen, 
but  of  other  constituents   also;  at  the  same   time,  however, 
leaving  in  the  land  more  or  less  of  nitrogenous  crop-residne. 
Such  a  comparison  obviously  has  a  special  interest,  since  it  is 
chiefly  as  a  substitute  for  fallow  that  the  growth  of  leguminous 
crops  has  been  introduced  into  our  rotations. 

Tlie  Wheat  Crops. 

Table  IV.  records  the  results  obtained  with  the  fourth  element 
of  the  rotation — the  wheat — exactly  in  the  same  form  as  in  the 
case  of  the  other  crops. 

Looking  first  to  the  figures  relating  to  the  individual  years, 
it  is  seen  that,  under  each  condition  of  manuring  or  other 
treatment,  there  is  an  enormous  variation  in  the  amount  of 
produce  in  the  different  years,  according  to  the  seasons.  Thus, 
taking  for  illustration  the  results  in  the  first  column  under  each 
of  the  three  main  conditions  as  to  manuring,  that  is  where  the 
roots  were  carted  from  the  land,  and  where  in  the  third  year 
of  the  course  it  was  left  fallow,  there  was,  without  manure,  only 
lOj'  bushels  of  wheat  in  1879,  but  45  bushels  in  1868  ;  on  tfauo 
superphosphate  plot  there  was  in  1879  only  14|  bushels,  and 
46  bushels  in  1863;  and  on  the  mixed  manure  plot  only  12} 
bushels  in  1879,  but  52f  bushels  in  1863.  Or,  comparing  the 
quantities  of  total  produce,  com  and  straw  together,  which  more 
directly  represent  the  amounts  of  growth,  we  have,  on  the  same 
plots,  without  manure,  2,162  lb.  per  acre  in  1879,  and  7,446  lb. 
in  1863;  on  the  superphosphate  plot  2,905  lb.  in  1879,  and 
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n  the  dotation  of—Hoola,  Barley,  Clover  (or  Searu),  or 
%  AgdeU  Field,  Moikamated.     11  courses,  44  yean, 
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7,626  lb.  in  1863 ;  and  lastly,  on  the  mixed  manure  plot,  * 
2,478  lb.  in  1879,  but  8,837  lb.  in  1863. 

The  cases  cited  are  those  of  the  most  extreme  fluctuat 
due  to  season ;  but  a  glance  at  the  columns  will  show  that  t 
were  very  considerable  variations  in  other  years,  under  i 
condition  as  to  manuring,  or  other  treatment';  whilst 
amounts  of  the  variations  differ  more  or  less  under  the  diffe 
soil  conditions.  It  will  be  obvious,  therefore,  that  if  we  w 
fairly  compare  with  one  another  the  effects  of  the  varying 
ditions,  it  is  important  to  take  the  average  results  of  a  suffic 
number  of  years  to  eliminate  the  influence  of  the  var 
seasons.  Most  of  our  illustrations  will,  therefore,  be  di 
from  the  average  results  over  the  eight  years  of  wheat  in 
second  to  the  ninth  courses ;  but  some  reference  will  als< 
made  to  the  averages  for  the  tenth  and  eleventh  courses. 

Let  us  first  compare  the  average  amounts  of  produc 
grain  under  the  three  main  conditions  as  to  manui 
excluding,  however,  those  obtained  on  the  portion  of  the 
manured  plot  where  the  roots  were  fed  on  the  land,  and  w 
beans  or  clover  were  grown  in  the  third  year  of  each  cot 
as  the  crops,  especially  of  the  barley  and  of  the  wheat,  ' 
somewhat  adversely  affected  by  a  dell  on  one  side  of  the 
the  surface  soil  being  in  consequence  comparatively  shal 
The  figures  show  that,  on  the  three  portions,  the  produce  ran 
without  manure,  from  26  to  28^  bushels ;  with  superp 
phate  from  28^  to  31| ;  and  with  the  mixed  manure  from 
to  33^  bushels.  Or,  taking  the  amounts  of  total  pro 
(grain  and  straw  together),  the  range  of  amounts  is — wit 
manure  from  4,407  to  4,976  lb. ;  with  superphosphate 
4,841  to  5,658  lb. ;  and  with  the  mixed  manure  from  5,80 
5,932  lb.  There  is,  therefore,  both  in  grain  and  in 
produce  of  the  fourth  crop  of  the  course,  an  obvious  diffen 
but  certainly  less  than  might  have  been  expected,  due  to 
varying  conditions  as  to  manuring  in  the  first  year,  e 
rated  from  the  fourth  by  the  growth  and  removal  of  the  ii 
mediate  crops. 

Next,  comparing  the  effects  on  the  fourth  crop — ^the  whe 
of  the  removal  of  the  first — the  turnips — or  the  retentio 
them,  or  of  most  of  their  constituents,  on  the  land,  it  is 
that  without  manure,  under  which  conditions  there  were  j 
tically  no  roots  grown,  the  difference  of  result  from  remove 
otherwise  is  quite  immaterial,  and  is  probably  accide 
With  superphosphate  alone,  and  more  roots  grown,  the  n 
gen  of  which  was  doubtless  obtained  from  previous  accun 
tions  within   the   soil,   the   removal   or  the  retention  on 
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laad  of  the  constituents  of  the  turnips  should,  therefore,  more 
materially  affect  the  condition  of  the  soil  for  •  the  growth  of 
the  succeeding  crops.  It  was  shown  that  the  effect  was 
very  marked  on  the  barley  which  immediately  succeeded  the 
roots.  There  Jwas  also  somewhat  less  produce,  both  of  clover 
tod  of  beans,  where  the  roots  had  been  removed ;  and  now, 
Jfl  the  case  of  the  fourth  crop — the  wheat — ^there  is  still 
distinct  effect.  Thus,  taking  the  fallow  portions,  there  was  an 
average  of  SOf  bushels  of  wheat  where  the  roots  had  been  re- 
Jaoved,  and  31f  bushels  where  they  were  fed  or  retained  on 
Jie  land;  the  corresponding  amounts  of  total  produce  being 
5,348  lb.  and  5,658  lb.  Or,  taking  the  produce  on  the  bean 
*Qd  clover  portions,  there  were  28J^  bushels  of  grain  where  the 
'^oots  had  been  removed,  and  3l|  bushels  where  they  had  not 
h©en  removed;  the  corresponding  amounts  of  total  produce 
J>©ing  4,841  lb.  and  5,307  lb.  Lastly,  with  the  mixed  manure, 
deluding  nitrogen,  the  average  produce  was,  on  the  fallow 
portions,  31^  bushels  after  the  removal  of  the  roots,  but  only 
80^  where  they  had  not  been  removed ;  the  amounts  of  total 
produce  being,  however,  5,808  lb.  and  5,883  lb.  On  the  bean 
0^  clover  portions,  the  results  were  32 f  bushels  where  the  roots 
'^OTe  carted,  and  33^  bushels  where  they  were  not  removed  ;  and 
^t^Q  amounts  of  total  produce  were  5,847  and  5,932  lb. 

Reference  to  the  average  produce  of  the  last  two  courses, 
^©  tenth  and  eleventh,  the  wheat  years  of  which  were  of  more 
**i^n  average  productiveness,  shows,  in  the  case  of  the  manured 
plots,  more  striking  difference  in  the  amount  of  the  fourth  crop 
^^^  to  the  removal  or  the  retention  on  the  land  of  the  constitu- 
^'^t^s  of  the  first  crop — the  roots.  The  roots  of  those  courses  were, 
^^^^'Wever,  more  than  average  in  amount. 

The  re3ults,  both  with  superphosphate  alone,  and  with  the 
'^^:xed  manure,  afford,  therefore,  distinct  evidence  of  the  effect 
^*  the  removal  or  otherwise  of  the  first  crop  of  the  course — the 
^^^^mips — not  only  on  the  second  and  third  crops,  but  on  the 
'^Varth  crop — the  wheat — also. 

The  next  point  is  to  illustrate  the  difference  of  effect  on  the 
ler  crops  of  the  rotation,  on  the  one  hand  of  the  growth  and 
'^^'•Tioval  of  the  highly  nitrogenous  leguminous  crop,  and  on  the 
^^Iner  of  fallowing  which  removes  nothing ;  and  first  as  to  the 
^^Vieat,  which  we  are  now  specially  considering,  and  which 
^^^^Tnediately  succeeds  the  leguminous  crop  or  the  fallow. 

A  careful  examination  of  the  average  results  over  the  eight 
^^^nrses  (second  to  ninth)  will  show  that,  both  without  manure, 
^^^d  with  superphosphate  alone,  that  is  under  conditions  of  ex- 
foliation, especially  of  available  nitrogen,  the  wheat  crops  wp>re 
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in  every  case  higher  after  fallow,  with  its  supposed  accamolatic:^ 
than  after  the  -  leguminous  crops,  which  removed  much  mxc:^ 
nitrogen  than  the  succeeding  wheat  would  require.  On  the  othtf 
hand,  on  the  mixed  manure  plots,  where  the  condition  of  the  Ian  ^ 
and  especially  its  nitrogenous  condition,  was  not  exhausted,  hw 
fairly  maintained,  there  was  even  rather  more  average  produi^ 
of  wheat  after  the  removal  of  the  highly  nitrogenous  leguminoia 
crops  than  after  the  accumulations  of  the  fallow. 

It  is  unsafe  to  form  general  conclusions  from  the  results  » 
individual  years,  since  the  characters  of  the  seasons  may  ha«F 
so  much  influence.  But  it  may  be  observed  that,  aftier  tU 
heavy  crops  of  clover  on  the  superphosphate  plots  in  1882,  air" 
more  where  the  roots  were  fed  than  where  they  had  been  re- 
moved, the  wheat  crops  of  the  next  year,  1883,  which  wen^ 
higher  than  average,  were  lower  after  the  leguminous  crop  thiB 
after  fallow;  whilst,  on  the  highly  manured  plot,  they  were  mua 
the  higher  after  the  leguminous  crop.  In  the  tenth  course 
however,  after  the  use  of  potash  as  well  as  superphosphate 
there  were  fair  but  by  no  means  such  heavy  crops  of  clover  m- 
in  the  very  favourable  season  of  the  preceding  course,  and  thee: 
was  less  where  there  had  then  been  the  larger  crop ;  and  in  thi 
eleventh  course  also,  there  was  less  total  produce  of  beans  wheK: 
the  heavier  crop  of  clover  bad  been  grown  in  the  ninth  oourSifl 
The  result  was,  that  on  the  average  of  the  last  two  courses,  thd 
wheat  gave  less  instead  of  more  total  produce  after  fallow  thatf 
after  the  leguminous  crops  ;  but  more  where  the  roots  had  bee^ 
fed  than  where  they  had  been  carted ;  that  is,  more  where  thr: 
land  was  the  less  exhausted. 

The  general  result  is,  that  where  there  was  not  exhaustioitf 
but  accumulation  due  to  manure  and  to  increased  crop  residue 
the  growth  and  removal  of  the  leguminous  crops  not  only  gav« 
large  amounts  of  nitrogen  in  the  removed  crops,  whilst  the  fa^ 
low  yielded  none,  but  also  left  more  available  nitrogen  for  tlic 
succeeding  wheat  than  was  rendered  available  (and  remained 
from  the  resources  of  the  soil  after  the  fallow.  In  other  words 
not  only  were  the  nitrogen  and  other  constituents  obtained  in 
the  leguminous  crops  an  entire  gain  compared  with  the  resuB 
of  fallow,  but,  on  the  average  of  years,  a  somewhat  larger  succ 
ceeding  wheat  crop  was  obtained  as  well. 

Here,  then,  is  a  striking  illustration  of  the  advantages  o^ 
the  interpolation  of  leguminous  crops  instead  of  fallow  with  the 
cereals  in  our  rotations ;  and  it  is  seen  that  the  benefit  may  be  the 
greater  if  the  land  be  not  abnormally  exhausted,  as  was  the  case 
on  the  continuously  unmanured,  and  on  the  superphosphate  plots. 

Although  there  was  thus  great  difierence  between  the  effects. 
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on  the  one  hand,  of  the  growth  and  removal  of  a  leguminous 
crop,  and  on  the  other  of  fallow,  so  far  as  the  third  year  of  the 
course  is  concerned ;  yet,  where  the  manurial  conditions  were 
not  defective,  there  was  even  more  wheat  succeeding  the  legu- 
minous crop,  than  succeeding  the  fallow.  The  influence  of  the 
conditions  of  the  third  year  of  the  course  does  not,  however, 
seem  to  extend  in  any  marked  degree  to  the  crops  succeeding 
the  wheat ;  that  is,  to  the  roots  commencing  the  next  course, 
and  to  the  barley  succeeding  the  roots. 

So  far  as  the  roots  are  concerned,  the  average  results  over 
the  eight  courses  show,  both  without  manure  and  with  super- 
phosphate alone,  that  is  on  the  most  exhausted  plots,  that  th<? 
advantage,  if  any,  is  more  with  the  fallow  than  with  the  legu- 
nainous  plots ;  whilst,  with  the  full  manure,  there  is  scarcely  any 
difference  of  result  clearly  traceable  to  the  treatment  of  the  land 
in  the  third  year  of  the  preceding  courses.     Over  the  last  two 
courses,  again,  without  manure  no  benefit  accrued  to  the  root-crop 
l>y  the  growth  of  the  leguminous  crop  as  compared  with  fallow. 
Otx  the  superphosphate  plots,  however,  now  with  potash,  soda, 
*Jid  magnesia,  as  well,  and  doubtless  more  leguminous  produce 
^<5cordingly,  there  were  more  roots  on  the  leguminous  than  on 
tile  fallow  plots ;  but,  with  the  full  manure,  there  was  practically 
^o    difference  in  the  produce  of  roots  on  the  fallow  compared 
''•^th  the  leguminous  crop  plots.     Obviously,  the  fact  that  there 
^^aa  not  materially  less  produce  of  roots  where  the  leguminous 
^^t>p8  had  been  grown  and  removed,  as  compared  with  where 
the  land  had  been  fallow,  is  of  itself  evidence  of  the  beneficial 
'^ther  than  exhausting  effect  of  their  growth  and  removal,  so  far 
^®  tihe  requirements  of  the  succeeding  crops  are  concerned. 

Nor  is  the  effect  of  the  growth  and  removal  of  a  leguminous 
p'^p,  compared  with  fallow,  very  definite  on  the  barley  succeed- 
?^g  the  manured  roots.  It  is,  however,  over  the  eight  courses, 
^^^  favour  of  the  growth  of  the  leguminous  crops ;  and,  though 
^^tih  very  small  crops,  it  is,  excepting  without  manure,  much 
^ore  so  over  the  last  two  courses. 

From  the  results  as  a  whole  it  may  be  concluded  that,  where 
^^  land  was  the  most  exhausted,  the  growth  of  the  leguminous 
^J*op  was  correspondingly  limited,  and,  being  at  the  expense  of 
^h.^  little  accumulation  that  there  was,  its  removal  further  ex- 
^^Usted  the  immediately  available  supplies ;  whilst,  where  the 
^^^umulations  were  greater,  the  growth  was  dependent  on  a 
^ore  extended  root-development,  and  therefore  greater  range 
^^  collection ;  the  luxuriance  was  much  greater,  and  the  surface- 
^^il  at  any  rate  gained  by  an  increased  amount  of  highly  nitro- 
genous leguminous  crop-residue.    It  has  further  been  seen,  that 
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the  effects  of  the  manaring  and  treatment  of  the  first  crop  - 
the  course — the  turnips — were  manifest  in  the  produce  of  tl 
fourth  crop — the  wheat ;  and  also  that  the  effects  of  fallowin 
or  of  growing  and  removing  a  highly  nitrogenous  crop,  in  tl 
third  year,  were  clearly  traceable  on  the  crop  of  the  fourth  yee 
and  to  some  extent,  though  in  a  much  less  degree,  on  the  subs 
quent  crops  commencing  the  next  course. 

The  Amounts  of  Produce  grown  in  Rotation,  and  in 

THE  VARIOUS   CrOPS  GROWN  CONTINUOUSLY. 

Obviously,  when  considering  what  are  the  benefits  arisi 
from  rotation  as  distinguished  from  the  growth  of  the  individ^ 
crops  continuously,  it  is  desirable,  as  far  as  practicable,  to  oo 
pare  the  results  of  the  two  methods  in  regard  to  their  yield  n 
acre  of  some  of  the  more  important  constituents  of  the  cro; 
For  the  purposes  of  such  a  comparison,  it  will  be  of  interests 
illustrate  the  point  by  reference  specially  to  the  amounts  of  ^ 
matter^  nitrogen^  total  mineral  matter  (asA),  phosphoric  acidj  ^ 
potash  (and  in  some  cases  of  lime),  in  the  crops  grown  in  ro^J 
tion,  and  in  those  grown  continuously,  under  as  far  as  possLl 
parallel  conditions  as  to  manuring.    Accordingly,  so  far  as  resd 
obtained  under  rotation  are  concerned,  the  amounts  of  eacls. 
the  above  constituents  are  calculated  in  the  produce  per  acr^ 
the  respective  crops,  in  each  of  the  eight  courses  (second 
ninth),  under  each  of  the  twelve  different  conditions  as  to  man  ^ 
ing,  or  other  treatment ;  and  the  average  amounts  of  these  J 
^acre  per  annum  are  compared  with  those  in  the  individual  cr^ 
grown  continuously,  as  a  rule,  in  the  same  seasons  as  those 
which  the  rotation  crops  were  obtained,  and  under  the  sarae^ 
nearly  parallel,  conditions  as  to  manuring.^ 

The  Aifnounts  of  Dry  Matter  produced  in  the  Rotation^  and  ta 

tlie  Continuous  Crops, 

Table  V.  shows  the  average  annual  amount  of  dry  maJt 
produced  per  acre,  in  each  of  the  four  crops — roots,  barley,  leg 
minous  crop,  and  wheat — gro?m  in  rotation,  and  continuously:^ 
tibove  described.  It  shows  the  amounts,  separately  in  the  roc3 
leaves,  and  total  produce,  of  the  turnips ;  in  the  grain,  straw,  ah 

*  The  amounts  of  the  constituents  removed  per  acre  in  the  rotation  or' 
are  calculated  from  the  results  of  actual  analyses ;  and  in  the  case  of  the  9 
tinuously  grown  crops  the  amounts  of  dry  matter  and  ash,  and  sometimes  tlP 
of  nitrogen,  are  also  calculated  from  direct  determinations ;  but  genertUy 
nitrogen,  and  always  the  phosphoric  acid,  potash,  and  lime,  are  calculi^ 
from  the  percentage  composition  of  the  rotation  crops  g^own  under  panv 
conditions  as  to  manuring. 
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total  produce,  of  the  barley,  and  of  the  wheat ;  in  the  com,  sti 
and  total  produce,  of  the  beans  ;  and  in  the  clover.  It  will  \)e 
seen  that  the  arrangement  and  headings  of  the  columns  are  ex- 
actly the  same  as  in  the  Tables  of  produce  already  consider  od ; 
and  that,  for  each  description  of  crop,  or  part  of  the  crop,  the 
first  line  shows  the  amounts  obtained  under  rotation,  the  sec^^snd 
those  in  the  crop  grown  continuously,  and  the  third  the  di^^3er- 
ence  between  the  two. 

The  Dry  Matter  in  the  Turnip  Crops. — Referring  first  to         the 
upper  division  of  the  Table,  relating  to  the  Swedish  tumip^^,  it 
should  be  stated  that  results  for  the  crops  grown  continuoxzz^sly 
are  not  available  for  the  same  eight  years  as  those  grown  in        ro- 
tation ;  but  for  each  of  the  three  conditions  as  to  manuring,        the 
average  for  19  years  of  growth  is  taken.     So  far  as  manurin  ,^gi8 
concerned,  the  unmanured  and  the  superphosphate  conditio  -ons 
were  the  same  for  the  rotation  and  for  the  continuous  crcizDps. 
But,  in  the  case  of  the  mixed  manure,  the  rotation  plots  receL  '^^ 
a  larger  amount  of  nitrogen  for  the  roots ;  in  fact,  enough  to  c^^n? 
the  four  crops  of  the  course.     The  continuous  plot,  on  the  otni^^her 
hand,  received  a  less  amount  each  year;  but,  nnlike  the  TotaXzz^^^^ 
plots,  with  no  intermediate  crops  to  use  up  any  available  resi^^"® 
from  the  previous  application. 

The  figures  show  that — without  manure — ^the  differenc^^^  ^ 
the  amounts  of  dry  matter  produced  in  rotation  and  in  conti^^*^^' 
ous  growth  are  immaterial.  The  utter  failure  in  both  ca^^*^ 
without  manure  is  confirmatory  of  the  absolute  dependence  ° 

this  valuable  rotation  crop  on  supplies  within  the  soil  its        ®"' 
either  from  accumulations,  or  from  direct  manuring. 

The  less  produce  of  the  continuous  than  of  the  rotation  cii-^^P^ 
with  superphosphate  is  also  quite  consistent  with  the  suppc^:::^^^^^' 
tion  that,  under  such  conditions,  the  crop  greatly  exhausts  fBP^"® 
available  nitrogen  of  the  soil,  and  especially  of  the  surface  so.     '^"' 

With  the  mixed  mineral  and  nitrogenous  manure,  again,  th^^  ^^ 
is  also  considerably  less  production  of  dry  substance  when  t:::^^^ 
crop  is  grown  continuously  than  when  it  is  grown  in  rotatiC^^^^^* 
The  result  is,  however,  due  partly  to  the  larger  amount  of  nil 
gen  directly  supplied  by  manure  to  the  rotation  crops  as  abo- 
referred  to,  but  partly  to  the  fact  that  when  the  same  descriptii 
of  root-crop,  with  the  same  character  and  range  of  roots, 
grown  year  after  year  on  the  same  land,  the  surface-soil 
comes  close,  and  a  somewhat  impervious  pan  is  formed  beloi 
conditions  which  are  very  unfavourable  for  a  crop  which  pp 
eminently  requires  a  good  tilth  for  great  development  of  fibroi 
root  within  the  soil.  The  results  with  the  mixed  manure  are, 
course,  the  most  comparable  with  those  of  ordinary  practic 
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and  it  ib  dear  that,  however  explained,  much  more  produce 
is  obtained  under  rotation  than  with  continuous  growth.  It 
leed  only  further  be  remarked  that,  of  the  total  dry  matter 
ntxluced,  there  are  many  times  as  much  in  the  edible  root  as  in 
he  leaf  which  almost  wholly  remains  only  for  manure  again. 

The  Dry  MaUer  tn  the  Barley  Oraps. — The  second  division  of 
^hle  y.  compares  the  amounts  of  dry  matter  yielded  in  ba/rley, 
rown,  respectively,  in  rotation,  and  continuously — that  is,  year 
%er  year  on  the  same  land.  The  results  for  the  continuously 
rown  crops  relate  to  the  average  produce  of  the  same  eight  seasons 
I  those  in  which  the  rotation  crops  were  obtained.  Theunmanured 
cid  the  superphosphate  conditions  were  also  quite  parallel  in 
ie  two  series  of  experiments.  In  the  case  of  the  mixed  manure 
ttults,  it  should  be  borne  in  mind  that  in  the  rotation  experi- 
lentsa  quantity  of  manure  was  applied  for  the  preceding  crop — 
le  turnips — which  is  supposed  to  carry  the  whole  of  the  crops  of 
le  four  years'  course ;  whilst,  in  the  continuous  experiments, 
le  quantity  of  nitrogen,  for  example,  which  is  applied  each  year 
ir  the  immediate  crop,  amounts  to  rather  more  than  one-fourth 
r  that  applied  for  four  years  in  the  rotation  experiments. 

The  figures  show  that — without  manure — there  was  much  less 
ry  matter  in  grain,  straw,  and  total  produce,  in  the  crops  grown 
mtinuously  than  in  those  grown  in  rotation ;  in  fact,  in  the 
rtial  produce  only  about  three-fifths  as  much.  The  much  higher 
nount  under  rotation  is  quite  consistent  with  the  explanation 
^t  in  the  rotation  experiments  without  manure,  the  roots 
fcving  failed,  the  barley  crop  had,  in  point  of  fact,  the  benefit  of 
^e  preparation  which  bare  fallow  is  known  to  confer. 

With  superphosphate  alone,  the  continuously  grown  barley 
ops  yielded  more  dry  matter  in  grain,  straw,  and  in  total  pro- 
i^ce,  than  those  without  manure  ;  the  excess  being  largely  due 

•  increased  capability  of  utilising  the  available  nitrogen  of  the 
^ace  soil,  under  the  influence  of  the  phosphatic  manure.  Both 
te  of  the  superphosphate  rotation  crops  yielded  more  dry  matter 
i^Ui  the  continuous  ones,  the  excess  being,  however,  much  less 
bere  the  rotation  roots  had  been  removed  than  where  they  had 
^n  consumed  or  spread  upon  the  land.  The  effect  of  the  growth 
^d  accumulation  by  the  previous  root-crop,  and  of  the  more  or 
B8  available  manurial  residue  left  under  the  different  conditions, 

*  compared  with  the  result  when  the  barley  is  grown  year  after 
&ar  on  the  same  land,  is  thus  very  evident. 

As  already  said,  the  amount  of  nitrogen  annually  applied  on 
^©  mixed  manure  plot  was,  for  the  continuous  crops,  somewhat 
^Ore  than  one-fourth  of  that  applied  for  the  preceding  root-crops 
^  the  case  of  the  rotation  plots.     Under  these  circumstances, 
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the  amounts  of  dry  matter  in  grain,  straw,  and  total  produce,  were 
considerably  less  in  the  barley  grown  in  rotation  where  the  roote 
and  leaves  of  the  turnips  had  been  removed  than  in  that  growi] 
continuously ;  but  where  in  the  case  of  the  rotation  barley  the  root- 
crops  had  been  consumed  or  spread  upon  the  land,  the  average 
yield  of  dry  matter  per  acre  was  much  more  nearly  identical  undei 
rotation  and  under  continuous  cropping ;  though  upon  the  whole 
it  was  more  under  rotation.  The  effects  on  the  second  crop  of  the 
course,  of  the  manurial  and  other  treatment  of  the  first  crop,  are 
here,  then,  further  illustrated.  Lastly,  it  is  to  be  observed,  that 
a  larger  proportion  of  the  total  dry  matter  of  the  crop  is,  on  the 
average,  accumulated  in  the  straw  which  is  generally  retained  od 
the  farm,  than  in  the  grain  which  is,  as  a  rule,  exported  from  it. 

Thus,  both  the  actual  and  the  comparative  results  clearlj 
show,  that  the  successful  growth  of  the  barley  was  directly 
dependent  on  the  supplies  within  the  soil,  and  that  the  object 
may  be  gained,  either  in  a  properly  manured  rotation,  or  by  the 
direct  application  of  suitable  manures,  including  a  liberal  supply 
of  nitrogen  for  the  immediate  crop.  Having  regard  to  the 
general  economy  of  the  farm,  the  former  plan  is  as  a  rule  the 
most  advantageous  ;  though,  owing  to  the  success  with  which 
the  crop  can  be  grown  by  direct  artificial  manures,  such  manures 
are  often  used  as  supplements;  or,  sometimes,  a  barley  crop  ig 
taken  after  another  cereal,  by  the  aid  of  artificial  manures  alone. 

The  Dry  Mailer  in  the  Leguminous  Crops. — The  third  division 
of  the  Table  (V.)  shows  the  average  amounts  of  dry  matter  pei 
acre  per  annum  in  the  corn,  straw,  and  total  produce,  of  the  six 
crops  of  beans  grown  in  rotation  in  the  eight  years ;  also  the 
average  amounts  in  the  same  six  years  when  the  crop  was  grown 
continuously  in  another  field.  Below  the  bean  results  are  given 
the  average  amounts  per  acre  per  annum  in  the  clover  grown  in 
rotation  in  the  remaining  two  of  the  ^ight  years  ;  and  there  are 
also  given  the  average  amounts  over  the  eight  years,  in  the  six 
crops  of  beans  and  two  of  clover.  It  will  be  seen,  however,  that 
there  is  no  entry  in  the  line  for  continuous  crops  of  clover,  for  the 
simplereason  that,  as  has  been  shown  in  various  papers,  it  was  found 
impossible  to  grow  clover  year  after  year  on  ordinary  arable  land. 

The  figures  show  that,  meagre  as  was  the  average  produce  of 
dry  matter  in  the  crops  of  beans,  even  when  grown  in  rotation, 
they  were  much  less  still  when  grown  continuously.  This  was 
the  case  whether  we  look  to  the  amounts  in  the  corn,  the  straw, 
or  the  total  produce.  Indeed,  the  lines  of  total  produce  show 
that  the  average  amounts  in  the  continuously  grown  crops  were. 
under  each  condition  of  manuring  or  other  treatment,  less  than 
half  as  much  as  those  grown  in  rotation.     In  both  cases,  theie 
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^  somewhat  more  with  superphosphate  than  without  manure, 
id  more  still  with  the  mixed  manure,  including  both  potash 
id  nitrogen,  but  even  under  these  conditions,  and  in  rotation, 
9  produce  was  very  small. 

Under  each  condition  as  to  manuring,  the  produce  of  dry 
tter  in  the  clover  grown  in  rotation  was  more,  and  in  some 
J  much  more,  than  in  the  beans  so  grown.  Without  manure, 
siveraged  only  about  1  ton  per  acre  per  annum  ;  with  super- 
lephate,  in  one  case  more  than  2,  and  in  the  other  more  than 
bona ;  and  in  each  with  the  full  manure,  including  potash  and 
rogen,  more  than  3  tons. 

I^tly,  the  average  production  of  dry  substance  in  the  six 
ps  of  beans  and  two  of  clover  taken  together  was — without 
aure  only  about  |  ton  ;    with  superphosphate,  in  one  case 
le  more  dian  1  ton,  and  in  the  other  rather  more  than  1^  ton  ; 
I,  with  the  mixed  manure,  in  both  cases  less  than  l|  ton. 
^ee  amounts  in  the  leguminous  crops  with  the  mixed  manure 
"6,  however,  greater  than  those  obtained  in  the  turnip  crops, 
less  than  those  in  either  the  barley  or  the  wheat  grown  in 
ition.     The  significance  of  the  amounts  grown  in  the  legu- 
lous  crops  will,  however,  be   the   more  clearly  recognised 
3n  we   come  to  consider  the  quantities  of  nitrogen  in  the 
erent  crops ;  and  also  the  fact  of  the  large  proportion  of  the 
tinrial  constituents  of  the  leguminous  crops  grown  in  rotation, 
t  will  generally  be  retained  on  the  farm. 
The  Dry  Matter  in  the  Wheat  Crops, — The  bottom  division  of 
Table  (V.)  shows  the  average  amounts  of  dry  substance  in 
wheat — grain,  straw,  and  total  produce — grown  in  rotation, 
I  those  obtained  in  the  same  years  in  another  field  under  as 
as  possible  parallel  conditions  as  to  manuring,  but  grown 
tinuously ;  that  is,  year  after  year  on  the  same  land. 
A  glance  at  the  figures  shows  that,  both  without  manure 
I  with  superphosphate  alone,  the  amount  of  dry  matter  pro- 
ted  was,  both  in  grain  and  straw,  in  each  case  considerably 
I  than  half  as  much  in  the  crops  grown  continuously  as  in 
se  grown  in  rotation  ;  and  that,  even  with  the  mixed  manure, 
iplying  both  mineral  constituents  and  nitrogen,  it  was  con- 
erably  less  in  t)ie  continuous  than  in  the  rotation  crops. 
So  far  as  the  unmanured  and  the  superphosphate  crops  are 
icerned,  it  is  obvious  that  the  growth  year  after  year  must  be 
ich  more  exhausting,  both  of  nitrogen  and  of  certain  essential 
neral   constituents,   in   a  condition  of  composition   and  of 
»tribution  within  the  soil  and  subsoil  available  to  one  parti- 
lar  crop,  than  when  the  crop  is  grown  in  alternation  with 
i^ers,  of  difierent  requirements,  habits,  and  root-ranges. 

C 
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It  has  been  explained  that  in  the  case  of  the  mixed  ma 
rotation  plots  there  was  applied  for  the  first  crop  of  the  co 
besides  a  fall  snpply  of  mineral  constituents,  about  140  1 
nitrogen ;  at  the  average  rate,  therefore,  of  85  lb.  per  acn 
annum  over  the  four  years.  But,  in  the  case  of  the  coni 
ously  grown  wheat  crops,  not  only  a  full  supply  of  mil 
manure,  but  43  lb.  of  nitrogen  as  ammonium-salts,  was  din 
applied  every  year.  The  fact  of  the  greater  amount  of  produc 
the  rotation  plots  would  indicate,  therefore,  that  notwithstan 
the  growth  and  removal  of  the  intermediate  crops  since  th( 
plication  of  the  manure  for  the  roots,  there  was  more  nitrogen, 
more  of  other  constituents  also,  in  a  condition  of  composition 
of  distribution  available  for  the  wheat,  than  in  the  case  of 
annual  direct  supply. 

Of  course,  the  proportion  of  grain  and  of  straw  in  a  w 
crop  varies,  as  it  siso  does  in  barley,  according  to  variety, 
season,  and  other  circumstances.  It  is  seen  that,  in  the  ex] 
mental  crops,  whether  grown  in  rotation  or  continuously,  t 
was  always  much  more  of  the  produced  dry  matter  accumnl 
in  the  straw  than  in  the  grain.  Indeed,  there  was  in  some  ( 
nearly  twice  as  much.  On  the  assumption,  therefore,  that 
rule  the  grain  will  be  sold,  and  the  straw  retained  on  the  1 
as  food  and  litter,  very  much  more  than  half  of  the  prod 
dry  matter  will  be  so  retained. 

Comparing  the  amounts  of  dry  matter  accumulated  ii 
different  rotation  crops,  and  taking  as  the  most  normal 
quantities  obtained  under  the  influence  of  the  mixed  mai 
including  nitrogen,  it  is  seen  that,  on  the  average,  the  two  o 
crops — the  barley  and  the  wheat — produced  approximately  c 
amounts ;  and  each  considerably  more  than  either  of  the  fi 
crops — the  roots  or  the  Leguminosae. 

Hie  Amounts  of  Nitrogen  in  the  Rotation^  and  in  the  Coniir 

Crops. 

Table  VI.  shows  the  average  amounts  of  nitrogen  per 
per  annum,  over  the  eight  years,  in  the  rotation,  and  in  the 
tinuous  crops,  respectively. 

The  Nitrogen  in  the  Root-crops. — Without  manure, 
extremely  small  crops,  but  very  abnormally  high  percenta| 
nitrogen  in  them,  the  amounts  per  acre  were,  in  the  coni 
ously  grown  crops  only  about  twice  as  much  as  annually  a 
down  as  combined  nitrogen  in  the  rain  and  minor  aqueooi 
posits  from  the  atmosphere ;  whilst,  even  in  the  rotation  oi 
the  amounts  averaged  but  little  more  than  in  the  continuov 
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With  superphosphate  alone,  much  larger  crops,  but  mac 
lower  percentages  of  nitrogen,  there  was  very  much  more  aitn 
gen  taken  up  thau  without  manure ;  in  fact,  when  grown  i 
rotation  from  three  to  four  times  as  much,  and  when  grown  coi 
tinuously  more  than  twice  as  much.  There  was,  too,  very  muc 
more  in  the  rotation  than  in  the  continuous  crops.  The  detaile 
results  published  elsewhere,  relating  to  the  continuous  growth  ( 
root-crops  afford  conclusive  evidence  that  the  increased  amora 
of  nitrogen  taken  up  by  the  crop  under  the  influence  of  pho 
phatic  manures  is  derived  from  the  resources  of  the  soil  itae! 
by  the  aid  of  the  greatly  enhanced  development  of  fibrous  feei 
ing  root  induced  by  such  manures. 

With  the  mixed  manure  containing  nitrogen  there  was,  i 
with  superphosphate  alone,  much  more  nitrogen  taken  up  und 
rotation  than  with  continuous  growth.  But,  under  rotatio 
there  was  about  twice  as  much  taken  up  with  the  mixed  mami 
containing  nitrogen  as  with  superphosphate  without  nitrogw 
and  with  continuous  growth  there  was  nearly  three  tim 
as  much  taken  up  as  with  superphosphate  without  nitrogc 
It  is  clear,  therefore,  that  the  crops,  whether  grown  in  rotati* 
or  continuously,  took  up  much  of  the  nitrogen  supplied  by  i 
manure.  Indeed,  it  cannot  be  doubted  that,  beyond  the  smi 
amount  of  combined  nitrogen  annually  coming  down  from  t 
atmosphere  in  rain  and  the  minor  aqueous  deposits,  the  sooi 
of  the  large  amount  of  nitrogen  of  root-crops  is  the  store  of 
within  the  soil,  whether  this  be  due  to  accumulations,  or  to  din 
supply  by  manure.  On  the  other  hand,  the  large  amounts 
produce  obtained  by  the  aid  of  nitrogenous  manures  on  land 
which  no  carbonaceous  manure  has  been  applied  for  about  fil 
years  is  evidence  that  the  atmosphere  is  at  any  rate  the  chi 
if  not  the  exclusive,  source  of  the  carbon  of  the  crops. 

Lastly,  as  to  the  results  in  the  Table  relating  to  the  Swedi 
turnips,  it  is  seen  that  by  far  the  greater  part  of  the  nitrogen 
the  crops  was  accumulated  in  the  edible  root. 

The  Nitroge7h  in  the  Ba/rley  Crops. — The  second  division 
Table  VI.  shows  the  average  amounts  of  nitrogen  per  acre  p 
annum  over  the  eight  years  in  the  rotation  and  in  the  continno 
barley  crops  respectively. 

Referring  to  the  results  chiefly  in  their  bearing  on  the  qnfl 
tion  of  the  position  of  the  barley  crop  in  rotation,  and  of  its  d 
pendence,  or  otherwise,  on  the  soil  for  its  supplies  of  nitroge 
the  amounts  of  it  in  the  total  crops,  grain  and  straw  togetbe 
are  of  most  interest. 

When  considering  similar  results  relating  to  the  first  crop  < 
the  course — the  Swedish  turnips,  it  was  seen  that  the  ave^ 


Rotation  of  Crops,  37 

amonnt  of  nitrogen  per  acre  per  annnm  in  the  total  crops,  roots, 
and  leaves  together,  was  only  10  or  11  lb.,  or  even  less,  when 
grown  without  any  manure.  The  results  relating  to  the  rota- 
tbn  barley  crops  show,  however,  that  the  average  annual  removal 
in  them  was  without  manure  nearly  30  lb. ;  the  conditions  of 
gioirth  being  substantially  equivalent  to  fallow,  as  practically  no 
iwtrcpop  had  been  removed. 

Consistently  with  other  evidence  on  the  point,  the  amounts 
rf nitrogen  removed  in  the  barley  crops  grown  on  the  super- 
pbosphate  plots  are  seen  to  be  even  considerably  less  than  with- 
ont  manure,  where  the  increased  crop  of  roots  grown  under  the 
influence  of  the  superphosphate  had  been  removed  from  the 
Itnd ;  but  where  the  superphosphate  turnips  had  been  fed  on 
tbe  land,  the  amounts  of  nitrogen  removed  in  the  barley  crops 
ue  more  than  under  the  parallel  conditions  without  manure.  In 
other  words,  an  increased  amount  of  nitrogen  having  been  taken 
np  from  the  soil  by  the  turnips  under  the  influence  of  the  super- 
phosphate, the  land  was  lefb  poorer  in  available  nitrogen  for  the 
barley  where  the  increased  turnip  crop  had  been  removed  from  the 
land,  but  richer  where  it,  or  its  manurial  residue,  was  left  upon  it. 

Again,  under  the  influence  of  the  mixed  manure,  supplying 
•  liberal  amount  of  nitrogen  for  the  roots,  which  took  up  a  con- 
sderable  quantity  of  it,  there  was  much  less  nitrogen  in  the 
•ncceeding  barley,  where  the  roots  so  grown  had  been  removed, 
than  where  they  or  their  manurial  residue  had  been  left  on  the 

kd. 

The  actual  quantities  of  nitrogen  removed  in  the  barley  crops, 
rtere  the  roots  had  previously  been  removed,  were — without 
Jnanure  nearly  30  lb.,  with  superphosphate  about  23^  lb.,  and 
with  the  mixed  manure  about  40  lb. ;  but  where  the  roots  had 
feen  fed  or  left  on  the  land,  they  were,  without  manure  about 
28  lb.,  with  superphosphate  more  than  30  lb.,  and  with  the 
mixed  manure  containing  nitrogen  about  47  lb. 

Comparing  the  amounts  of  nitrogen  taken  up  by  the  rotation, 

^th  those  by  the  continuously  grown  barley,  it  is  seen,  as  might 

w  expected  under  the  conditions  described,  that  both  without 

Manure  and  with  superphosphate,  the  rotation  barley  took  up 

'^uch  more  than  the  continuously  grown.     Where,  however, 

^trogenous  manure  had  been  applied  for  the  roots,  and  they  had 

*^n  removed,  the  succeeding  barley  took  up  less  nitrogen  than 

^e    continuous    crops   which   annually  received    nitrogenous 

|*>anure;  but  where  the  roots  had  not  been  removed  from  the 

'^iid,  the  nitrogen  was  nearly  the  same  in  the  rotation  as  in  the 

^Jitinuously  grown  barley — about  47  lb.  per  acre  per  annum. 

The  influence  of  the  manuring,  and  of  the  amount  and 
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treatment  of  the  previous  root-crop,  on  the  available  supply  of 
nitrogen  within  the  soil  for  the  succeeding  barley  is,  therefore^ 
throughout  clearly  traceable. 

Lastly,  in  regard  to  the  nitrogen  statistics  of  the  barley 
crops,  it  is  to  be  observed  that,  under  whatever  conditions  of 
manuring  or  other  treatment,  and  whether  grown  in  rotation 
or  continuously,  there  was  generally  three-fourths  or  more  of 
the  total  nitrogen  of  the  crop  accumulated  in  the  grain,  that  is, 
in  the  portion  which  is  as  a  rule  sold  off  the  farm  ;  only  about 
one-fourth,  therefore,  remaining  in  the  straw  which  is  supposed 
to  be  retained  on  the  farm. 

The  Nitrogen  in  the  Leguminotis  Crops, — The  third  divisioxi 
of  the  Table  (VI.)  gives  the  results  relating  to  this  point. 

Referring  first  to  the  amounts  of  nitrogen  in  the  total  bean 
crops  (com  and  straw  together),  it  is  seen  that,  under  each  of 
the  three  conditions  as  to  manuring,  there  was  from  twice  fco 
twice  and  a  half  as  much  in  the  rotation  as  in  the  continuously 
grown  beans.  The  details  further  show  that  the  advantage  wftS 
proportionally  greater  in  the  com  than  in  the  straw. 

It  is  next  to   be  observed  that  the  amounts  of  nitrogeiXi 
taken  up  by  the  rotation  beans  were — without  manure  aboix* 
36  lb.  per  acre  per  annum,  and  with  superphosphate  between 
40   and  50  lb. ;  whilst  with  the   mixed   manure,    containimfif 
nitrogen,  there  were  in  one  case  63*6  lb.,  and  in  the  other  70'3 
lb.     In  fact,  both  without  manure  and  with  superphosphate, 
the  amounts  taken   up  in  the  beans  were  much  greater  th»» 
in  either  the  preceding  roots  or  the  preceding  barley.     With 
the  mixed  manure  supplying  nitrogen,  they  were  idso  much 
more   than   in    the   preceding   barley,   but   less   than  in  tho 
root-crops,   to   which   the   mixed    manure   had   been   directly 
applied. 

The  point  of  greatest  interest  in  the  results  is,  howeve^f 
that  under  each  condition  as  to  manuring,  the  clover  took  ^V 
very  much  more  nitrogen   than   the    beans,  and   very   muct 
more  than  either  of  the  other  crops  of  the   rotation   und^ 
parallel  conditions.     Thus,  even  without  manure,  the  aver»8® 
amount  of  nitrogen  in  the  two  crops  of  clover  was — in  one  c*^ 
55  lb.  and  in  the   other  47  lb.  ;    with  superphosphate  it  t^** 
124-5  and  144*6  lb. ;  and  with  the  mixed  manure,  contain!^ 
both  potash  and  nitrogen,  in  the  one  case  167  lb.  and  in  the  otl*^^ 
168*4  lb.     Or,  taking  the  average  amount  of  nitrogen  in  f^^ 
six  bean  and  two  clover  crops,  there  were — without  mant^^ 
41*5  and  88*9  lb. ;    with  superphosphate  61*5  and  72*9  tt>' » 
and  with  the  mixed  manure  89*5  and  94*7  lb.     It  is,  indeed,    *^ 
the  occasional  growth  of  clover,  that  the  very  large  » 
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amounts  of  nitrogen  removed  in  the  leguminoos  crops  of  the  rota- 
tion are  to  be  attributed  ;  and  it  is  these  amounts  that  have  to 
be  taken  into  oonsideration  in  comparing  the  effects  on  the 
jield  of  the  other  crops  of  the  rotation,  and  of  the  rotation  as  a 
wliole,  on  the  one  hand  of  growing  a  leguminous  crop,  and  on 
the  other  of  fiidlowing,  which  of  course  neither  yields  nor 
nmoves  nitn^n — unless  by  loss  in  drainage. 

Further,  t£e  figures  show  that  there  was  generally  three  or 
0fai  more  times  as  much  of  the  total  nitrogen  of  the  bean  crops 
iocnmulated  in  the  com  as  remained  in  the  straw.  Lastly,  not 
only  does  the  leguminous  crop  of  the  rotation  yield  the  most 
Bitrogen,  but,  unless  in  the  case  of  some  of  the  corn  of  the 
kans,  the  whole  of  it  is  supposed  to  be  retained  on  the  &rm ; 
Hid  there  is,  in  addition,  more  or  less,  and  sometimes  a  con- 
Bderable  amount,  of  nitrogenous  crop-residue  left  within  the 
■oil  for  succeeding  crops. 

The  Nitrogen  in  the  Wheat  Crops. — The  results  on  this  head 
PB  recorded  in  the  bottom  division  of  Table  VI. 

Referring  first  to  the  amounts  of  nitrogen  in  the  total  produce 
I^ain  and  straw  together),  it  is  seen  that,  both  without  manure 
ttd  with  superphosphate  alone,  that  is  with  the  greatest  ex- 
i^Qstion,  especially  of  nitrogen,  there  was  generally  about,  or 
^en  more  than,  twice  as  much  in  the  rotation  as  in  the  con- 
Unons  crops.  With  the  full  manure,  both  mineral  and  nitro- 
9II0US,  applied  for  the  rotation  crops  only  at  the  beginning  of 
^  course,  but  for  the  continuous  ones  each  year  for  the  wheat 
t>p  to  be  grown,  the  relative  deficiency  in  the  continuous 
Ops  was,  however,  very  much  less.  Thus,  the  figures  show 
•ait  the  average  amounts  of  nitrogen  in  the  total  wheat  crops 
Bre — ^without  manure  nearly  85  lb.  per  acre  per  annum  in 
e  rotation  crops,  and  only  17  lb.  in  the  continuous  ones ;  with 
Q  superphosphate  alone  nearly  40  lb.  under  rotation,  but  in 
^Q  continuous  crops  not  20  lb. ;  and  lastly,  with  the  full 
i^ure  there  was  an  average  of  more  than  42  lb.  in  the  rota- 
yn  crops,  and  of  84  lb.  in  those  grown  continuously.  There  is 
•feet  evidence,  therefore,  that  there  was,  under  all  conditions, 
•ore  nitrogen  available  to  the  crops  grown  in  rotation,  than 
^  those  growing  year  after  year  on  the  same  land ;  and 
^e  advantage  is  relatively  much  the  greater  where  no  nitrogen 
Gtd  been  supplied  in  manure.  The  beneficial  effect  of  the 
^terpolation  of  other  crops  with  the  cereals  is,  therefore,  very 
t>viou8. 

In  the  case  of  the  second  crop  of  the  course — the  barley — it 
"^  shown  that  without  manure  the  increased  produce  in 
station  was  due  to  scarcely  any  roots  having  been  grown,  so 
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that  the  land  was  practically  fallowed  for  the  barley ;  and  ] 
in  the  case  of  the  fourth  crop — the  wheat — there  was  the  ] 
paration  either  of  the  growth  of  a  leguminous  crop  leavii 
highly  nitrogenous  residue,  or  of  fallowing.  Then  with  su 
phosphate  alone,  the  produce  of  barley,  and  the  yield  of  ni 
gen  in  it,  were  less  than  without  manure  where  the  tur: 
had  been  removed,  but  more  where  they  had  not,  and  wh 
therefore,  there  was  an  available  nitrogenous  residue  from 
roots  ;  and  now  in  the  wheat,  the  effects  on  the  available  su] 
of  nitrogen,  on  the  one  hand  of  the  growth  and  removal 
leguminous  crop,  and  on  the  other  of  actual  fallow,  are  ol 
vable.  Lastly,  with  the  mixed  manure  the  influence  of 
direct  supply  of  nitrogen  for  the  first  crop  of  the  coun 
obvious.  But,  as  the  amounts  of  nitrogen  taken  up  were 
very  much  more  than  where  none  had  been  supplied,  i 
evident  that  in  both  cases  much  must  have  been  dm 
the  influence  of  the  preceding  leguminous  crop  or  fallow. 

Upon  the  whole  there  can  be  no  question  that,  so  fa 
nitrogen  is  concerned,  the  supply  within  the  soil  in  a  condi 
of  combination  and  of  distribution  available  to  the  whei 
increased,  both  by  fallow,  and  by  the  growth  of  a  legumi 
crop,  especially  of  clover ;  and,  further,  that  such  accumuli 
of  available  nitrogen  by  fallow,  and  of  nitrogenous  crop-res 
by  the  growth  of  leguminous  crops,  is  the  greater  when  the 
and  subsoil  are  not  abnormally  exhausted  of  organic  nitrog 

Lastly,  it  is  to  be  observed  that,  under  all  conditio! 
manuring,  or  other  treatment,  there  was,  both  in  the  roti 
and  in  the  continuous  wheat  crops,  more  than  twice,  an 
some  cases  considerably  more  than  twice,  as  much  of  the 
nitrogen  of  the  produce  stored  up  in  the  grain  as  in  the  st 
Hence,  in  the  sale  of  the  grain,  and  the  retention  of  the  s 
for  home  use,  by  far  the  greater  part  of  the  nitrogen  oi 
crop  is  exported  from  the  farm. 

The  Amounts  of  Total  Mineral  Matter  {Ash)  in  the 
Rotation,  and  in  the  Gontimious  Crops, 

The  results  are  given  in  Table  VII.  for  each  of  the 
descriptions  of  crop,  in  exactly  the  same  form  as  those  foi 
total  dry  matter  and  the  nitrogen,  in  Tables  V.  and  VI 
spectively. 

The  i-ecord  is  deserving  of  careful  study,  as  showing 
very  various,  and  sometimes  very  large,  amounts  of  miner 
ash-constituents  taken  up  from  the  soil,  and  stored  up  in 
different  crops,  or  parts  of  the  crops.   But  it  must  suffice  hei 
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!,— ^Epmmente  on  the  Sotaiion  of^Roott,  BarUy,  Clover  {or  Seans), 
Fallow,  and  Wheat ;  tn  Agdeil  Field,  Rolhcmsted.     8  cour«e», 
32  years,  1882-1883. 
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direct  attention  to  some  of  the  points  of  chief  interest  bron 
to  view,  on  the  consideration  of  the  amount,  and  of  the  distri 
tion,  of  some  of  the  more  important  individual  mineral  c 
stituents  in  the  respective  crops  ;  and  for  the  purposes  of  a 
an  illustration  reference  will  chiefly  be  made  to  the  amounti 
phosphoric  acid,  and  of  potash,  but  in  some  cases  to  that  of  li 
also,  in  the  crops. 

The  Anunints  of  Phosphoric  Add  in  the  Rotation,  amd  in 

Cordinuous  Crops, 

Table  VIII.  records  the  results  relating  to  the  amounts 
phosphoric  acid  in  the  different  crops  or  parts  of  crops. 

The  Phosphoric  Acid  in  the  Root-cfrops, — The  figures  si 
that,  without  manure,  the  rotation  turnip  crops  took  up 
extremely  small  amount  of  phosphoric  acid,  reaching  in  a 
one  case  to  an  average  of  1^  lb.  per  acre  per  annum.  By  su| 
phosphate  alone  the  amount  was  increased  to  an  average 
about  10  lb. ;  and  although  this  increase  only  represents  ab 
one-tenth  of  the  phosphoric  acid  applied  in  manure  it  is  v 
important,  as  it  is  directly  connected  with  the  greatly  increa 
development  of  fibrous  feeding  root  within  the  soil,  which  : 
special  effect  of  phosphatic  manures  when  applied  to  tumi 
and  it  is  by  virtue  of  this  development  that  these  crops 
markedly  exhaust  the  available  nitrogen  within  the  soil,  i 
especially  the  surface  soil.  As  has  been  shown,  there  is  ab 
dant  evidence  that  the  increased  amount  of  nitrogen  taken 
under  the  influence  of  phosphates  unaccompanied  by  t 
supply  of  nitrogen  itself,  is  at  the  expense  of  the  stores  of 
soil ;  and  that  it  is  not  due  to  a  capacity  to  take  up  eit 
combined  or  free  nitrogen  from  the  atmosphere,  by  virtue  of 
increased  development  of  leaf-surface,  under  the  influence  of 
phosphatic  manure. 

With  the  mixed  manure,  supplying,  besides  superpb 
phate,  salts  of  potash,  soda,  and  magnesia,  and  a  liberal  amo^ 
of  nitrogen  as  well,  there  was,  although  the  supply  of  phosphc 
acid  by  manure  was  exactly  the  same,  now  about  twice  as  mi 
of  it  taken  up,  as  a  coincident  of  the  greatly  increased  groi* 
due  partly  to  the  other  mineral  constituents  at  the  same  ti 
added,  but  especially  to  the  influence  of  the  increased  availa 
supply  of  nitrogen.  Still,  only  a  small  proportion  of  the  pi 
phoric  acid  applied  was  taken  up,  considering  the  recogni 
importance  of  its  application  for  turnips,  and  its  undoub 
specific  effects  on  their  growth  as  above  described. 

Comparing  the  amounts  of  phosphoric  acid  in  the  rotat 
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T^BLS  Yin.—EseperimetUs  on  the  Sotation  of—RooU,  Barley,  Clover  (or 

£tam),  or  Fallow,  and  Wheat ;  in  Agddl  Field,  Rothaimeted.     8  eowmi, 

32  yeari,  1862-1883. 
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crops  with  those  in  the  continnons  ones,  the  equally  small, 
even  smaller,  amount  taken  up  without  manure  by  the  latt« 
is   further  confirmation  of  the   incapability   of  this   assuuk. 
restorative  crop  to  yield  any  practical  amount  of  produce  wil 
out   adequate   soil  supplies.     With  superphosphate   alone, 
also   with  the   mixed  manure,  the  continuous  crops  took 
little  more  than  half  as  much  phosphoric  acid  as  the  rotati 
ones  under  the  assumed  fairly  parallel  conditions  as  to  man 
ring.     The  deficiency  is,  however,  obviously  not  due  to  Bm 
deficiency  of  supply  within  the  soil,  but  is  only  a  coincidents 
the  less  total  growth,  attributable  to  a  great  extent,  as  has  be 
explained,  to  the  unfavourable  mechanical  condition  of  the  e 
induced  by  the  continuous  growth  of  the  crop. 

Lastly,  in  regard  to  the  phosphoric  acid  in  the  turnip  cn> 
it  is  to  be  observed  that  in  all  cases  much  more  was  accunc 
lated  in  the  edible  roots  than  in  the  leaves  which  remain  ob 
for  manure  again;  indeed,  in  the  case  of  the  most  nonr 
crops,  those  grown  in  rotation  with  the  full  mixed  mana 
there  was  five  or  six  times  as  much  accumulated  in  the  roots 
in  the  leaves. 

The  Fhof^horic  Aci^  in  the  Barley  Crops. — Looking  first 
the  amounts  in  the  total  produce,  grain  and  straw  togetbj 
and  to  the  portions  of  the  rotation  plots  from  which  the  previ* 
root-crops  had  been  removed,  it  is  seen  that,  without  mana 
rather  more  than  13  lb.  of  phosphoric  acid  was,  on  the  avenu- 
annually  removed  in  the  barley  crops ;  and  where  superphosph 
had  previously  been  applied  for  the  roots,  the  succeeding  bar- 
took  up  only  about  14  lb.,  that  is  scikrcely  any  more  than  wL 
out  the  supply  of  it ;  but  where  the  mixed  manure,  includi 
nitrogen,  had  been  applied  for  the  roots,  there  was  about  o^ 
and-a-haif  time  as  much,  or  rather  over  21  lb.  of  phosphoric  a^ 
in  the  succeeding  barley  crops.  Then,  where  the  root-crops  t: 
not  been  removed  from  the  land,  the  amounts  of  phosphc^ 
acid  in  the  succeeding  barley  crops  were,  without  manure,  abc 
12  lb.  per  acre,  with  superphosphate  about  18  lb.,  and  with  tz 
mixed  manure  nearly  25  lb.  In  the  case  of  the  phosphoric  ac: 
therefore,  as  in  that  of  the  nitrogen,  the  influence  of  the  mais 
ring,  and  other  treatment,  of  the  preceding  crop  of  the  cour* 
is  clearly  reflected  in  the  amounts  taken  up  in  the  succeedia 
barley. 

Comparing  the  amounts  of  phosphoric  acid  in  the  rotatic 
barley  crops  with  those  in  the  continuously  grown  ones,  it 
seen  that,  both  without  manure  and  with  superphosphate,  tl 
rotation  crops  took  up  considerably  the  most  phosphoric  acid 
and  this  was  the  case  notwithstanding  that  the  continuonsl 
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grown    crops    were  annually  manured   with   superphosphate, 

'whilst  for  those  grown  in  rotation  the  application  had  only  been 

for  the  preceding  crop — the  turnips.     The  less  assimilation  in 

the  case  of  the   continuous  crops   was   doubtless  due   to  the 

diminished  total  growth,   which  in  its  turn   was  due  to  the 

greater  exhaustion  of  the  available  nitrogen  of  the  soil  with  the 

annual  growth.     Consistently  with  this  view,  where  the  mixed 

manure    supplying    an   abundance   of  nitrogen   was   applied, 

SLTid  the  crops,  both  rotation  and  continuous,  were  pretty  full 

averages   for  the   particular  soil  and  the   seasons  of  growth, 

tilie   amounts  of  phosphoric  acid  in  the  rotation  crops  where 

tJxB    roots  had  not  been  removed   were  almost  identical  with 

those  in  the  continuous  crops.     Where,  however,  the  rotation 

roots  had  been  removed,  carrying  off  therefore  the  whole  of  the 

nitrogen  that  had  been  taken  up,  the  succeeding  barley  crops 

"^^ere  accordingly  not  full  for  the  seasons  of  their  growth,  and 

the  amounts  of  phosphoric  acid  in  them  were  less  than  in  the 

^continuously  grown  crops. 

The  figures  relating  to  both  the  rotation  and  the  continuous 
Parley  further  show,  that  about  six-sevenths  of  the  total  phos- 
phoric acid  of  the  crops  is  accumulated  in  the  grain  which  is 
^'ipposed  to  be  sold  off  the  farm.  There  was,  indeed,  even  a  some- 
"^h^t  higher  proportion  where  phosphoric  acid  was  supplied  in 
tho  manure.  Lastly,  as  in  the  cases  of  the  total  produce,  the 
^^^  matter,  and  the  nitrogen,  there  is  much  less  difference  be- 
^'^oen  the  amounts  of  phosphoric  acid  taken  up  under  the  three 
^fiferent  conditions  as  to  manuring  than  in  the  case  of  the 
^^XTiips.  That  is,  the  assumed  restorative  crop  is  much  more 
^©pendent  on  direct  manuring  to  yield  any  crop  at  all  than  is 
tho  cereal  crop,  which  is  assumed  to  be  benefited  by  the  inter- 
polation of  it. 

Tke  Phosphoric  Acid  in  the  Leguminous  Crops. — Referring 
^     the  third   division   of  Table   VIII.,   it   is    seen   that   the 
*m.ounts   of  phosphoric   acid  in   the   total  produce  of  beans 
^^m,    and   straw   together,   was   more   where   superphosphate 
y^'^s  supplied  than  without  manure,  and  more  still  under  the 
^^fluence  of  the  mixed  manure  containing,  besides  superphos- 
phate, salts  of  potash,  soda,  and  magnesia,  and  nitrogen  also. 
*^t,  nnder  all  three  conditions  as  to  manuring,  the  continuously 
Ij^o^rn  crops  take  up  much  less  than  those  grown  in  rotation, 
hether,  however,  grown  in  rotation  or  continuously,  three,  four, 
°^    ^xxore  times  as  much  of  the  phosphoric  acid  is  finally  accu- 
'^^^^^ted  in  the  corn  as  remains  in  the  straw.     In  reference  to 
?r^    tilie  results  with  beans,  however,  it  is  to  be  borne  in  mind 
^'^  under  none  of  the  conditions  were  good  crops  obtained. 
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The  clover  took  up,  without  manure,  little  more  phosphoric 
acid  than  the  rotation  beans;  but,  with  superphosphate,  the 
clover  took  up  more  than  twice  as  much  as  the  beans;  and 
with  the  mixed  manure  it  took  up  more  still,  and  also  more  than 
twice  as  much  as  the  beans  grown  under  the  same  conditions. 

Taking  the  average  of  the  six  crops  of  beans  and  two  crops 
of  clover  grown  in  the  eight  courses,  there  was,  both  without 
manure  and  with  superphosphate,  much  less  phosphoric  acid 
taken  up  than  in  either  the  preceding  barley  or  the  succeeding 
wheat ;  and  even  with  the  mixed  manure,  which  gave  the  most 
normal  crops,  the  average  amount  of  phosphoric  acid  taken  up 
in  the  beans  and  clover  was  less  than  in  either  of  the  two  cereals 
under  the  same  conditions. 

The  PhospJioric  Acid  in  the  Wheat  Crops, — The  bottom  di- 
vision of  Table  VIII.  shows  that  the  rotation  wheat,  as  did 
the  rotation  barley,  took  up  very  much  more  phosphoric  acid 
without  manure  than  did  either  of  the  so-called  &llow  crops 
— the  turnips  or  the  leguminous  crops.  With  superphos- 
phate, again,  both  the  wheat  and  barley  took  up  more  than 
either  the  turnips  or  the  average  of  the  leguminous  crops. 
With  the  full  mixed  manure,  however,  when  each  of  the  four 
descriptions  of  crop  grew  more  normally,  the  amount  of  phos- 
phoric acid  taken  up  was  more  nearly  uniform  in  the  four  cases ; 
the  barley,  however,  then  jrielding  more  than  the  wheat,  more 
than  the  turnips,  more  than  the  average  of  the  leguminous  crops, 
but  all  considerably  less  than  the  average  of  the  two  years  of 
clover. 

Comparing  the  amounts  of  phosphoric  acid  in  the  total  pro- 
duce of  the  rotation,  with  those  in  the  continuously  grown  wheat, 
it  is  seen  that  there  is,  without  manure,  only  about  half  as  much 
taken  up  in  the  continuous  as  in  the  rotation  crops ;  with  supers 
phosphate,  again,  only  about  half  as  much  in  the  continuous  as 
in  the  rotation ;  but  with  the  more  normal  growth,  when  th© 
fall  mixed  manure  was  annually  applied  to  the  continuously" 
grown  crops,  there  was,  with  the  fuller  produce,  proportionally 
much  more  phosphoric  acid  taken  up— indeed,  on  the  average, 
about  three-fourths  as  much  in  the  continuous  as  in  the  rotation^ 
crops. 

Lastly  the  figures  show,  that  by  far  the  larger  proportion  oC 
the  total  phosphoric  acid  in  the  wheat  crops  is  stored  up  in  th9 
grain,  which  is  assumed  to  be  sold  off  the  farm.  Thus,  without^ 
manure  more  than  four- fifths,  and  with  superphosphate  nearly^ 
four-fifths,  of  the  total  phosphoric  acid  of  the  crops  was  in  thes^ 
grain.  With  the  mix^  manure,  however,  with  rather  largeir 
total  amounts  taken  up  than  with  superphosphate  alone,  theirs 
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as  comparatively  little  more  stored  up  in  the  grain,  the  excess 
for  the  most  part  remaining  in  the  straw.  The  larger  amount 
of  total  phosphoric  acid  taken  np  with  the  mixed  manure  than 
^w^th  superphosphate,  the  amount  supplied  by  manure  being  the 
same  in  the  two  cases,  is  to  be  attributed  to  the  coincident 
supply  of  other  constituents  in  the  mixed  manure,  inducing 
greater  luxuriance,  and  with  it  greater  activity  of  collection. 

!Phe  AmauiUs  of  Potash  in  the  Rotation^  and  in  the  Continuous 

Crops. 

The  results  relating  to  the  amount  and  distribution  of  potash 
^^  the  rotation  and  in  the  continuous  crops  are  recorded  in 
Table  IX. 

llie  Potash  in  the  Boot-crops, — Before  referring  to  the  details 
^^  this  point,  attention  should  be  recalled  to  the  facts  fully 
illustrated  in  other  papers — that  root-crpps  are  essentially 
*ugar  crops ;  that  the  very  characteristic  eflfect  which  nitro- 
S^xions  manures  exert  on  their  increased  growth  is  mainly 
'^presented  by  a  greatly  increased  production  of  the  non- 
^^tax)genous  substance — sugar ;  that,  however  the  action  is  to 
P^  explained,  it  is  certain  that  the  presence  of  potash  is  an 
iiixportant  condition  of  the  formation  in  plants  of  carbohydrates 
S^Herally ;  and  that,  in  the  case  of  root-crops,  the  production  of 
^e  carbohydrate — sugar — is  greatly  dependent  on  a  liberal 
^'v^ailable  supply  of  potash. 

Referring  to  the  upper  division  of  the  Table,  and  for  the 
I^^^Jpose  of  the  first  illustrations  to  the  rotation  results,  it  is  seen 
^^^*^t,  without  manure  and  very  abnormally  small  crops,  there 
only  three,  four,  or  five  times  as  much  potash  in  the  roots 
in  the  leaves ;  with  superphosphate,  on  the  other  hand,  and 
^tly  increased  root  development,  there  were  eight  or  nine 
^^^©8  as  much  potash  in  the  roots  as  in  the  leaves ;  and  with 
5;^^  mixed  manure  (including  potash),  there  were,  with  the 
r^^her  greatly  increased  actual  amount  of  roots  and  of  potash 
1^  them,  seven  or  eight  times  as  much  in  the  roots  as  in  the 
^^ves.  That  is,  there  was  the  greatest  accumulation  of 
I^ot^h  with  the  greatest  accumulation  of  sugar. 

XfOoking  to  the  actual  amounts  of  potash  in  the  total 
•^^o^uce,  roots  and  leaves  together,  of  the  rotation  crops,  it  is 
,?^©ii  that,  without  manure,  there  was  only  from  4  to  6  lb.  of 
I^ot^h  par  acre  per  annum ;  but  with  superphosphate,  without 
^^tash  supply,  from  25  to  28  lb.  That  is,  without  any  supply 
y"  tnanure  the  plants  were  able  to  gather  about  20  lb.  more 
t^t^sh  per  acre  per  annum  fix)m  the  soil  itself,  by  virtue  of  the 
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Table  IX. — Experiments  on  the  Xotation  of — Roots,  Barley,  CJ(n 
Beans),  or  Faltoto,  and  Wheat  ;  in  Agdell  Field,  Sothajnsted.     8  c 
32  years,  1852-1883. 
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gready  increased  development  of  fibroas  feeding  root  under  the 
infloeace  of  the  phosphatic  manure.     With  the  mixed  manure, 
iiowever,  containing  potash,  there  was  about  three  times  as 
ffiocli  of  it  taken  np  as  with  superphosphate  alone.     But,  with 
the  supply  of  potash  there  was  also  a  liberal  supply  of  available 
mtat)gen,  to  which  the  greatly  increased  growth  is  largely  to 
be  attributed ;  and  with  the  increased  luxuriance  much  more 
potash  was  of  coarse  required  if  there  were  to  be  a  correspond- 
ingly increased  formation  of  the  characteristic  non-nitroganous 
product  of  the  cultivated  root-sugar.     Thus,  we  have — without 
manure  only  4  to  6  lb.  of  potash  taken  up,  with  superphosphate 
(without  potash)  from  25  to  28  lb.,  and  with  the  mixed  manure, 
supplying  besides  phosphoric  acid  both  nitrogen  and  potash, 
nearly  80  lb.  of  potash  per  acre  per  annum  in  the  crops. 

Comparing  the  amounts  of  potash  in  the  rotation  crops  with 
those  in  the  continuously  grown  ones,  it  is  seen  that — without 
manure,  and  practically  no  growth,  there  was  but  little  differ- 
ence in  the  amounts  taken  up  ;  with  superphosphate  there  was 
little  more  than  half  as  much  taken  up  in  the  continuous  as  in 
the  rotation  crops;  whilst  with  the  mixed  manure,  with  full 
supply  of  potash,  and  much  larger  amounts  of  it  in  both  the 
notation  and  continaous  crops,  there  was  rather  less  than  two- 
thirds  as  much  in  the  continuous  as  in  the  rotation  crops. 
!nie  deficient  amounts  in  the  continuous  crops  are,  however,  as 
in  the  case  of  the  other  constituents,  coincidents  of  the  less 
amounts  of  produce  of  the  continuous  crops;  which,  as  has 
been  pointed  out,  were,  in  the  case  of  the  superphosphate  plot, 
doe  partly  to  the  greater  exhaustion  of  available  nitrogen  of  the 
aarface  soil  with  the  continuous  growth,  but  partly  also  to  the 
unfavourable  mechanical  condition  of  the  soil  induced  by  such 
growth ;  and  this  was  probably  the  chief  cause  of  the  deficient 
produce  in  the  case  of  the  mixed  manure  crops  also. 

The  Potush  in  the  Barley  Creeps. — ^The  second  division  of 
Table  IX.  records  the  results  on  this  point. 

In  the  case  of  the  turnips  it  was  found  that  much  more 
potash  was  accumulated  in  the  roots  than  in  the  leaves ;  and 
tliis  fact  was  assumed  to  be  connected  with  the  greater  amount 
of  the  carbohydrate — sugar — in  the  roots  than  in  the  leaves. 
The  results  relating  to  the  barley  show,  however,  that  there 
^as  in  every  case  more,  and  in  some  much  more,  potash  in  the 
straw  than  in  the  grain.  On  this  point  it  is  to  be  observed, 
fiot  only  that  the  root-crop  is  taken  up  when  still  in  the 
^getative  stage,  and  its  contents  are  still  in  the  condition  of 
'^^serve  or  migratory  material,  whilst  in  the  case  of  the  cereal 
^«  crop  is  ripened,  and  its  constituents  are,  therefore,  more 
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fixed.  Fardier,  whilst  in  the  tnmip-crop  there  was  serem] 
times  as  much  dry  substance  in  the  roots  as  in  the  leaves,  in 
the  barley  there  was  even  more  dry  organic  substance  in  the 
straw  than  in  the  grain.  Again,  in  both  crops,  by  far  the  largei 
proportion  of  the  dry  substance  consists  of  carbohydrate6--ii! 
the  one  chiefly  sugar,  and  in  the  other  almost  exclusively  starcb 
and  cellulose — ^the  latter  making  up  by  &r  the  greater  portioc 
of  the  dry  substance  of  the  straw.  It  is  obviously  quite  con- 
sistent that  under  these  circumstances  there  should  be  more  oi 
the  total  potash  of  the  barley  crop  accumulated  in  the  strafi 
than  in  the  grain.  It  must  at  the  same  time  be  observed  thit 
whilst  the  potash  in  the  grain  is  comparatively  fixed  and  beaif 
a  fairly  unUbrm  relation  to  the  amount  of  dry  substance,  thi 
quantity  which  remains  in  the  straw  is  subject  to  great  variih 
tion  in  proportion  to  the  dry  matter,  according  to  the  variatioc 
in  the  supply  of  it  within  the  soil — a  great  excess  above  the 
amount  in  other  cases  being  sometimes  found  in  the  straw 
Indeed,  the  figures  show  a  considerably  greater  proportion  o4 
the  total  potash  of  the  crop  accumulated  in  the  straw  when 
there  was  a  liberal  supply  of  it  in  manure. 

Referring  to  the  amounts  of  potash  taken  up  in  the  rotadoi 
barley  crops  on  the  different  plots,  according  to  the  manuring  o^ 
other  treatment,  the  figures  show  that  there  was  not  much  dif 
ference  between  the  amounts  without  manure  and  with  super 
phosphate  alone.  There  was,  however,  distinctly  more  taJcei 
up  on  the  portions  of  the  superphosphate  plot  where  the  root 
had  not  been  removed  than  where  they  were ;  and  where,  thero 
fore,  there  was  conservation  for  the  succeeding  crop.  With  th* 
mixed  manure,  however,  with  its  supply  of  potash  as  well  as  a 
phosphoric  acid  and  nitrogen,  the  amount  of  potash  in  the  crop 
is  greatly  increased,  the  increase  corresponding  closely  with  tk 
increased  amount  of  produce. 

Lastly  in  regard  to  the  potash,  whilst  without  manure  aa« 
with  superphosphate  alone  the  rotation  barley  has  gathere* 
much  more  than  the  continuously  grown,  with  the  mize^ 
manure  and  full  supply  of  all  constituents,  the  amounts  o 
potash  taken  up  were,  as  were  those  of  nitrogen  and  phosph(»i 
acid,  nearly  the  same  in  the  rotation  and  the  continuous  crop 
where  in  rotation  the  preceding  roots  had  not  been  removed 
but  where  they  had  been  removed,  the  amounts  of  potash  in  th 
succeeding  barley  were  less,  as  were  the  crops  themselves. 

The  Potash  in  the  Leguminous  Crops, — Of  all  the  miners 
constituents  of  the  crops,  perhaps  potash  and  lime  are  the  moa 
generally  recognised  as  having  some  distinctive  effects  whei 
applied  as  manure  for  leguminous  crops.    We  have  now  to  refo 
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to  the  records  relating  to  the  potash  in  these  crops,  as  given  in 
the  third  division  of  Table  IX. 

The  figures  show  that,  in  the  case  of  the  beans,  unlike  that 
of  the  cereals,  there  is  much  more  potash  in  the  com  than  in 
the  straw ;  indeed,  more  than  twice  as  much  of  the  potash 
of  the  crops  was  accumulated  in  the  com  as  in  the  straw; 
indicating,  therefore,  a  special  requirement  of  it  for  the  forma- 
tion of  the  final  and  most  fixed  product  of  the  plant — the  seed. 
Looking  to  the  amounts  of  potash  per  acre  in  the  total  pro- 
dace,  com  and  straw  together,  of  the  rotation  beans,  it  is  seen 
that  they  take  up  very  little  more  under  the  inflaence  of  the 
superphosphate  than  without  manure ;  the  quantities  averaging 
about  10  lb.  per  acre  without  manure,  and  scarcely  12  lb.  with 
superphosphate.  With  the  mixed  manure,  however,  directly 
supplying  potash  for  the  previous  root-crop,  the  amounts  of  it 
taken  up  were,  in  the  one  case  22*16,  and  in  the  other 
24*46  lb.,  or  about  twice  as  much  as  with  the  superphosphate 
*lone.  The  influence  of  the  previous  supply  of  potash  on  the 
^mounts  of  it  taken  up  in  the  beans  was,  in  fact,  much  greater 
^an  was  that  of  the  supply  of  phosphoric  acid  on  the  amounts 
^^  it  taken  up. 

But,  as  in  the  case  of  the  phosphoric  acid,  so  also  in  that  of 

*h^  potash,  the  continuously  grown  beans  took  up  only  about 

"^If  as  much  as  those  grown  in  rotation ;  proportionally  more, 

ho^vever,  where  it  had  been  supplied  than  where  it  had  not. 

It    will  be  remembered  that,  when  discussing  the  amounts  of 

P^Xiduce  of  the  bean  crops,  attention  was  called  to  the  fact  that 

^t^^tr^ughout  the  experiments  a  really  good  agricultural  crop  w&s 

^^^^^rcely  ever  obtained  ;  and  this  of  course  must  be  taken  into 

*^^^c;ount  when  considering  the  amounts  of  the  several  constitu- 

^^^'Is  of  the  crops. 

Comparing  the  amounts  of  potash  stored  up  in  the  rotation 
^l^iver  with  those  in  the  rotation  beans,  it  is  seen  that,  even 
ithout  manure  and  with  very  small  produce,  the  clover,  with 
greater  root-range  and  longer  period  of  growth,  gathered  up 
^V:^ut  three  times  as  much  potash  as  the  beans — about  30  lb. 
^  gainst  only  about  10  lb.  in  the  beans. 

With  superphosphate  alone,  whilst  the  bean  crops  contained 

^>ily  10-82  and  1280  lb.  of  potash,  the  clover  contained  57*63 

65*48  lb.     That  is,  under  the  influence  of  the  phosphatic 

lanure,  probably  partly  on  the  plant  and  partly  on  the  soil,  the 

^lover  had  accumulated  in  the  removed  crop  five  or  six  times  as 

^^uch  potash  as  the  beans,  from  the  soil  itself;  whilst,  of  the 

phosphoric  acid  itself,  little  more  than  twice  as  much  was  taken 

^p  in  the  clover  as  in  the  beans  under  the  influence  of  the 
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superphosphate  without  potash.  It  would  thus  appear  thi 
the  beneficial  effects  of  the  phosphatic  manure  on  the  cWt 
were  largely  connected  with  the  increased  capability  of  the  plax 
to  take  up  more  potash. 

With  the  mixed  manure,  supplying  a  large  amount  of  potasl 
the  amount  of  it  found  in  the  clover  crops  was,  however,  mad 
greater  still.  Both  in  the  beans  and  in  the  clover  the  amoui' 
of  potash  in  the  crops  grown  under  the  influence  of  the  dired 
supply  of  it  was  about  twice  as  much  as  those  grown  witl 
superphosphate  without  potash.  But  whilst,  under  the  inflo* 
ence  of  the  supply  of  it,  the  shorter-lived,  more  meagrely  root 
ing,  and  less  successfully  grown  bean  crops  stored  up  onl} 
22'16  and  24*46  lb.  of  potash,  the  clover  crops  contained  io 
one  case  123*12  lb.,  and  in  the  other  132*62  lb. 

The  very  much  larger  proportion  of  the  total  potash  of  tie 
bean  crops  which  is  found  in  the  com  than  in  the  straw  wooU 
seem  to  indicate  its  greater  importance  in  connection  with  tb 
maturing  than  with  the  merely  vegetative  and  accumulatiiig 
tendencies  of  growth ;  yet  the  increased  amount  of  it  taken  op 
by  the  beans  coincidently  with  increased  growth,  and  the  mock 
larger  amounts  of  it  in  the  clover  with  its  much  greater  amoanti 
of  growth  and  produce,  and  harvested  as  it  is  in  the  unripened 
condition,  are  on  the  other  hand  indications  of  a  direct  conoeo- 
ticn  between  potash  supply  and  the  luxuriance  of  growth  oi 
vegetative  activity  of  these  leguminous  crops.  Indeed,  as  ahead} 
referred  to,  potash  manures  are  well  known  to  be  frequentlj 
beneficial  to  such  crops.  To  these  points  further  reference  will 
\fid  made  presently,  when  calling  attention  to  the  amount  d 
lime  taken  up  by  leguminous  crops. 

The  Potash  in  the  Wheat  Crops, — The  results  on  this  poiri 
are  given  in  the  bottom  division  of  Table  IX. 

It  has  been  seen  that  by  far  the  larger  proportion,  both  oi 
the  nitrogen  and  of  the  phosphoric  acid  of  the  wheat  crops,  wi« 
accumulated  in  the  grain.  But  the  figures  relating  to  the  potadi 
show  that  of  it  there  was  very  much  more  in  the  straw  than  in 
the  grain.  There  was  also  much  more,  but  not  in  so  great  • 
degree  more,  in  the  straw  than  in  the  grain  of  the  other  cereJ 
— the  barley.  It  has  been  pointed  out  that  potash  is  at  any  rate 
essentially  connected  with  the  formation  of  the  carbohydrateB. 
Consistently  with  this  it  was  found  that  by  far  the  larger  prt* 
portion  of  the  potash  of  the  turnip  crop  was  in  the  roots,  where 
was  the  great  accumulation  of  sugar.  Again,  of  the  total  potash 
of  the  barley  crop,  the  larger  proportion  was  found  in  the  8tr»^ 
where  there  was  the  greatest  accumulation  of  carbohydrate— •s 
cellulose ;  and  now,  in  the  wheat,  with  a  larger  proportion  » 
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1,  and  a  proportionally  larger  amount  of  the  total 
I  accnmnlated  in  the  straw,  we  have  in  it  a  still 
tion  of  the  total  potash  of  the  crop.  It  is,  however, 
3  mind,  as  has  been  pointed  out,  that  the  straw  of 
nd  wheat  frequently  contains,  besides  the  mineral 
actually  essential  for  the  organic  formations  and 
ore  or  le^s  surplus  amount  taken  up  as  the  result 
ply,  and  retained  by  the  plant, 
there  is  doubtless  clear  foundation  in  fact  for  the 
at  the  rOle  of  phosphoric  acid  is  more  in  connection 
lation  and  activity  of  the  nitrogenous  bodies,  and 
tash  with  those  of  the  non-nitrogenous  compounds, 
3US  that  in  such  a  view  we  have  only  a  partial  and 
)lanation  of  the  function  of  these  mineral  constitu- 
in  the  case  of  the  beans  there  was,  consistently 
1  more  phosphoric  acid  in  the  com  than  in  the 
8,  the  more  where  there  was  the  more  nitrogen ;  but 
3  by  far  the  larger  proportion  of  the  potash  accu- 
le  com,  although  the  greater  part  of  the  dry  matter 
nd  with  this  of  its  carbohydrates,  was  in  the  straw, 
ugh  the  leguminous  crops  are  pre-eminently  highly 
a  liberal  supply  of  potash  is  essential  for  their 
w^hilst  they  contain  a  higher  proportion  of  it  in  their 
)  than  do  the  cereals,  with  their  higher  proportion 
ktes. 

I  to  the  figures  shows  that  the  application  of  super- 
ithout  potash,  enabled  the  wheat  plant,  whether 
ktion  or  continuously,  to  take  up  an  increased,  but 
icreased,  amount  of  potash,  compared  with  that  in 
3d  crops ;  and  that  the  direct  application  of  it  in- 
ssimilation  of  it  still  further,  though  the  increased 
stored  up  represented  only  a  small  proportion  of 
in  the  manure. 

manure,  the  rotation  wheat  crops  contained  an 
out  27  lb.  of  potash,  but  the  continuously  grown 
13  lb.,  or  only  about  half  as  much.  With  super- 
ithout  potash,  the  rotation  crops  gave  an  average 
lb.,  and  the  continuously  grown  ones  little  more 
or,  again,  only  about  half  as  much.  That  is,  when 
crops  had  to  rely  for  their  potash  exclusively  on  the 
soil  itself,  the  rotation  crops  took  up  about  twice 
bhe  continuous.  Lastly,  with  the  mixed  manure 
tash,  the  rotation  wheat  crops  gathered  nearly  36  lb. 
3ut  about  38  lb.  after  the  leguminous  crops ;  whilst 
isly  grown  ones  yielded  an  average  of  only  about 
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27  lb.  That  is,  although  in  the  case  of  the  rotation  whm 
crops  three  other  crops  had  been  grown  since  the  appUcation  c 
the  manure,  they  took  np  more  potash  than  the  continnoosk 
grown  ones  for  which  potash  was  annually  supplied. 

So  much  for  the  results  relating  to  the  amounts  of  the  tw 
important  and  typical  mineral  constituents— phosphoric  aci 
and  potash — taken  up  by  the  different  crops  when  grown,  respetf 
tively,  in  rotation  and  continuously,  under  different  condition 
as  to  manuring,  and  other  treatment.  Similar  results  relatiia 
to  other  mineral  constituents  of  the  crops  have  been  got  out,  am 
the  discussion  of  some  of  them  brings  to  view  points  of  considei 
able  interest,  but  neither  time  nor  space  will  admit  of  their  coc 
sideration  here.  It  must  suflSce  to  refer  briefiy  to  the  amount 
of  lime  taken  up  by  the  leguminous  crops  under  different  con 
ditions  ;  a  point  which  has  an  interesting  relation  to  the  result 
as  to  the  potash  taken  up  by  those  crop^,  and  to  the  question 
which  arose  in  the  discussion  of  them. 

The  Amounts  of  Lime  in  the  RoKuion^  and  in  the  Contimwm 

Leguminovs  Crops, 

The  following  Table  (X.)  gives,  for  the  leguminous  cn^ 
alone,  the  amounts  of  lime  in  the  rotation  and  in  the  continnou 
crops,  in  the  same  form  in  which  the  phosphoric  acid  and  potaal 
have  been  given  for  each  of  the  four  crops  of  the  rotation. 

Very  different  from  what  was  found  to  be  the  case  with  th 
potash,  it  is  seen  that  in  the  rotation  bean-crops  a  very  smal 
proportion  of  the  total  amount  of  lime  is  accumulated  in  tb 
com;  ten,  twelve,  or  more  times  as  much  being  found  in  the  straw 
Then,  the  amounts  of  lime  in  the  total  crops  were — withon 
manure  between  15  and  16  lb. ;  with  superphosphate,  which  c 
course  supplied  some  lime,  the  quantity  was  raised  to  18*68  suk 
20*71  lb. ;  and  with  the  mixed  manure,  also  supplying  thesaoM 
amount  of  lime  in  its  superphosphate,  it  was  further  raised  t= 
26*57  and  27*71  lb.  It  is  further  seen,  that  the  continuonsla 
grown  beans  contained — in  com,  straw,  and  total  produce— 1= 
some  cases  only  about,  and  in  others  not  much  more  than,  ha  - 
as  much  lime  as  the  rotation  ones. 

It  is  remarkable,  however,  that  whilst  without  manure  tfaa 
rotation  bean-crops  contained  only  from  15  to  16  lb.  of  Kbm* 
the  clover  contained  67*8  and  59*1  lb. ;  with  superphospbtK 
the  beans  gave  18*68  and  20*71  lb.,  and  the  clover  158*62 
184*52  lb.,  or  about  eight  times  as  much  as  the  beans; 
lastly,  with  the  mixed  manure,  the  bean-crops  contained  26* 
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and  27-71  lb.,  and  the  clover  181-75  and  195-14  lb.  of  Ume,  or 

aboot  seven  timra  as  much  as  the  beans. 

An  increased  amount  of  lime  is,  therefore,  even  more  directly 
dHinectod  with  increased  loznriance  and  increased  production, 
titan  is  an  increased  amount  of  potash  taken  ap.  llien,  again, 
the  increased  amount  of  potash  was  apparently  more  or  less 
directly  connected  with  tendency  to  mataration  or  seed-formo' 
tion ;  bat  the  lime  is  fonnd  chiefly  in  the  straw  of  the  beans,  and 
to  be  enormoQsly  increased  in  amount  in  the  clover,  which  does 
not  ripen,  bnt  is  cut  whilst  still  in  the  vegetative  condition.  The 


Tablb  X. — Average  amounts  of  Lime  per  acre  per  annum  in 
Rotation,  and  in  tlte  eontintumaly  groum,  Zeguminoua  Cropg. 
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utdication  is,  therefore,  that  the  lime  is,  both  actually  and  as 
Wmpared  with  the  potash,  much  more  directly  connected  with 
^e  accomnlative  or  vegetative,  as  distinguished  from  the  matn- 
'^g  processes  of  the  plant.  Certain  it  is,  at  any  rate,  that  a 
'^'^ly  increasedaccumulationoflimeisacoincident  of  increased 
'nxariance  in  both  crops  ;  and  it  is  especially  so  in  the  case  of 
"IB  crop  the  amount  of  which  depends  on  the  extension  of  the 
'Bgetative  stages  of  development,  and  the  production  of  a  large 
Uioont  of  crude  or  unripened  vegetable  substance. 


56  Botaiian  of  Craps. 

Thus,  then,  the  actual  and  relative  importance  of  potash  an^- 
lime  in  the  growth  of  the  highly  nitrogenous  legaminons  ctoi 
is  clearly  illustrated  in  the  acreage  amounts  given,  of  potash  i 
the  third  division  of  Table  IX.,  and  of  lime  in  Table  X.  Bci^t 
the  study  of  the  percentage  composition  of  the  ashes  of  thi.^ 
crops,  and  especially  of  both  the  percentage  compositicm  of  tlM-  -^ 
ashes,  and  the  amount  of  the  constituents  per  acre,  in  the  betuisi 
plant  taken  at  different  stages  of  its  growth,  and  of 
similar  results  relating  to  the  first,  second,  and  third  crops 
clover,  affords  further  confirmation  of  the  conclusions 
have  been  drawn  from  the  results  already  considered.  It  wL  "^ 
be  impossible  to  go  into  any  detail  here  in  regard  to  tiu 
further  results,  and  it  must  suffice  to  state  very  briefly  thei 
general  indications. 

The  bean-plant  ash  analyses  showed  that,  on  the  avei 
about  75  per  cent.,  and  at-  the  time  of  pod  formation  nearly 
per  cent.,  of  the  total  ash  consisted  of  lime,  potash,  and  carboi 
acid.     Compared  with  these  results,  those  relating  to  the  moi 
highly  nitrogenous  clover,  which  is  not  allowed  to  ripen,  bat :     "ifi 
cut  when  it  reaches  the  blooming  stage,  so  inducing  re-groi 
and  extension  of  the  more  specially  vegetative  stages,  show  t] 
from  about  80  to  about  84  per  cent,  of  the  total  ash  consisted 
lime,  potash,  and  carbonic  acid.     But  whilst  in  the  ash  of 
ripened  corn-yielding  bean-crop  there  was  about  one-and-a-lu*-^ 
time  as  much  potash  as  lime,  in  that  of  the  merely  vegetatii^B-^ 
unripened  clover  there  was  twice  or  even  three  times  as  miK^  ^ 
lime  as  potash.     Further,  in  the  ash  of  the  first  and  third 
of  clover,  which  would  be  the  most  succulent  and  unripe, 
relative  excess  of  lime  over  potash  is  much  greater  than  in  tl 
of  the  second  crop,  which  develops  at  the  period  of  the  seast^^* 
when  the  seed-forming  tendency  is  much  the  greater.     Agai*^ 
in  the  clover  ashes  there  was  about  one-and-a-half  time  as  miK^^ 
carbonic  acid  as  in  the  ash  of  the  ripened  bean  plant.    It 
thus  further  illustrated  that  a  peculiarity  of  the  composition 
these  pre-eminently  nitrogen-assimilating  elements  of  rotaticr"** 
is,  that  their  ashes  consist  chiefly  of  lime,  potash,  and  carbonic 
acid ;  that  the  potash  predominates  in  the  ripened  and  lec^^ 
nitrogen-yielding  bean-crop;  and  that  the  lime  and  carbon:*^ 
acid  predominate   in  the  continuously   vegetating  and  inuc?^^ 
more  largely  nitrogen-accumulating  clover. 

Referring  to  the  probable  or  possible  significance  of  the^^ 
facts,  it  is  obvious  that,  so  far  as  the  nitrogen  of  the  plant  *^ 
taken  up  as  nitrate  of  a  fixed  base,  that  base,  so  far  as  it  ^^^t 
not  pass  back  into  the  roots,  will  remain  in  the  above-groo**. 
parts  of  the  plant,  most  probably  in  combination  with  an  orga:*^^ 
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add,  which  will  be  converted  into  carbonic  acid  in  the  incinera- 
tion, and  be  found  as  sach  in  the  ash,  if  not  expelled  by  an 
aoeag  of  fixed  acid,  or  by  silica. 

In  the  case  of  the  cereals  of  the  rotation,  it  is  probable  that 
most  if  not  all  of  their  comparatively  small  amount  of  nitrogen 
is  taken  up  as  nitrate.  Potash  is  by  far  the  predominating  base 
in  the  ash  of  the  grain,  straw,  and  total  produce;  lime  is  in 
iQQch  less  amount,  both  actually  and  in  equivalency;  and 
QUignesia  is  in  less  amount  still,  though  it  is  a  characteristic 
oonstituent  of  the  grain-ashes.  There  is  practically  no  carbonic 
acid  in  either  wheat  or  barley  grain-ash,  and  but  little  in  the 
atraw-ash  ;  and  if  there  have  been  organic  acid  salts  formed  with 
the  base  of  the  nitrate,  the  carbonic  acid  may  have  been  expelled 
in  the  incineration,  by  the  excess  of  fixed  acid  in  the  grain- 
ash,  or  by  silica  in  the  straw-ash. 

Taking  the  produce  by  the  mixed  manure  as  the  most 
formal,  the  root-crops  of  the  rotation  come  next  in  amount  of 
lutrogen  assimilated  over  a  given  area.  Potash  and  lime  are 
^  predominating  bases.  There  is  much  more  potash  than 
Kme  in  the  more  definite  product — ^the  root ;  but  the  proportion 
of  lime  to  potash  is  much  greater  in  the  leaf-ash,  as  would  be 
^^pected  if  the  nitrogen  had  been  taken  up  chiefly  as  calcium 
^trate,  and  the  nitric  acid  subjected  to  decomposition  in  the 
leaves. 

liastly  come  the  LeguminossB,  with  their  much  higher 
founts  of  nitrogen  assimilated.  These  plants  also  doubtless 
"®rt  ve  at  any  rate  much  nitrogen  from  nitrates  in  the  soil  and 
^  oaoil ;  and  it  has  been  shown  that  their  great  assimilation  of 
^^^ogen  is  associated  with  very  large  amounts  of  lime  and 
^^tonic  acid  in  their  ashes. 

Heferring  to  the  results  with  the  rotation  beans  grown  by 

''^^     mixed  manure,  calculation  shows  that,   taking  the  total 

?^J),  com  and  straw  together,  it  contained  very  much  less  lime 

J*^^xi  would  be  required  if  the  whole  of  its  nitrogen  had  been 

^■^en  up  as  calcium  nitrate  ;  so  that,  either  part  of  the  nitrogen 

''^^^t  have  been  taken  up  as  nitrate  of  some  other  base,  or  in 

^^^e  quite  different  state  of  combination,  or  as  free  nitrogen ;  or 

^^^e  of  the  lime  must  have  been  eliminated  from  the  above- 

^^^und  parts  of  the  plant  into  the  roots,  and  possibly  some  of  it 

P^^sed  from  them  into  the  soil.     Again,  the  amount  of  carbonic 

^i^  found  in  the  ashes  of  the  crop  for  100  of  nitrogen  in  it. 

J^^^xild  require  about  one-and-a-half  time  as  much  lime  as  was 

^y^nd  in  association  with  it ;  indicating  the  probability  that  part 

^^    'the  nitrogen  taken  up  as  nitric  acid  was  as  the  nitrate  of  some 

^t^li^  base — potash,  and  possibly  to  some  extent  soda  also. 
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Taming  to  the  results  with  the  rotation  clover  grown  by 
the  mixed  mannre,  calcalation  shows  that  in  the  case  of  this 
continuoosly  vegetating,  onripened,  and  mnch  higher  nitrogen- 
yielding  crop,  there  was  very  much  more  of  both  lime  and  carbonic 
add  in  the  ash  for  100  of  nitrogen  assimilated  than  in  the  total 
bean-crop.  If,  however,  the  whole  of  the  nitrogen  of  the  clover 
crops  had  been  taken  up  as  calcinm  nitrate,  it  wonld  have 
required  nearly  twice  as  mach  lime  as  the  amount  found,  pro- 
vided the  whole  of  it  remained;  nor  would  the  amounts  of 
potash  and  soda  found  suffice  to  make  up  the  balance.  Again, 
the  amount  of  carbonic  acid  found  is  little  more  than  two-thirds 
as  much  as  would  be  required  to  represent  organic  acid  equiva- 
lent to  the  amount  of  nitric  acid  subjected  to  change.  Either, 
therefore,  fixed  base,  partly  in  combination  with  organic  acid, 
must  have  been  eliminated  from  the  above-ground  parts  of  the 
plant,  and  passed  into  the  roots,  and  possibly  into  the  soil,  or  a 
good  deal  of  the  nitrogen  must  have  been  taken  up  in  some 
other  form  than  as  nitrate ;  possibly  in  part  as  organic  nitrc^n 
taken  up  from  the  soil  by  the  agency  of  the  acid  sap ;  or,  in 
part  as  free  nitrogen,  prolttbly  brought  into  combination  under 
the  influence  of  micro-organisms  within  the  nodules  found  on 
the  roots  of  leguminous  plants,  the  resulting  compound  beings 
either  directly  available  as  a  source  of  nitrogen  to  the  host,  oi 
it  may  be  so  only  after  it  has  itself  suffered  change. 

However  this  may  be,  considering  the  very  characteristic 
differences  in  the  mineral  composition  of  the  diiBerent  crops  <=^^^ 
rotation  according  to  the  amounts  of  nitrogen  they  assimila^>^^i 
the  fact  that  undoubtedly  the  highly  nitrogenous  Legumino<3  "*=^ 
do  take  up  at  any  rate  a  large  proportion  of  their  nitrogen     ^^"^ 
nitrate,  and  that  the  greater  the  amount  of  nitrogen  assinula1>^^^^ 
the  more  is  the  ash  characterised  by  containing  fixed  base,  tJf^^^' 
especially  lime,  in  combination  with  carbonic  acid,  it  seems  v^: 
probable,  if  not  indeed  established,  that  the  office  of  the 
and  partly  that  of  the  other  bases  also,  is  that  of  carriers 
nitric  acid ;  which,  when  transformed,  and  the  nitrogen  assin:^ 
lated,  leaves  the  base  as  a  residue,  presumably  in  combinatic^ 
with  organic  acid.     Further,  the  power  of  these  plants  to  assioo 
late  so  very  much  more  nitrogen  over  a  given  area  than  the  oth^ 
crops  may,  at  any  rate  in  part,  be  dependent  on  their 
able,  by  virtue  of  the  range  and  character  of  their  roots, 
gather  up  more  nitrogen  in  the  form  supposed  than  the  pi 
with  which  they  are  alternated.     Such  a  view  does  not,  how- 
ever, exclude  the  supposition  that  some  of  their  nitrogen 
derived  in  other  ways,  as  above  referred  to. 

In  connection  with  the  foregoing  results  of  direct  experi- 
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mental  investigation  into  the  mineral  composition  of  legnminoas 
canops,  it  may  be  observed — that  clover  at  any  rate  grows  more 
favourably  on  land  that  has  recently  been  chalked  or  limed  ;  that 
chalking  or  liming  of  the  mixed  herbage  of  grass  land  also 
favours  the  development  of  the  legaminous  herbage ;  and  that 
tlie  application  of  gypsnm  to  clover  has  been  found  very  effective 
on  some  lands,  especially  in  America,  though  it  has  not  proved 
to  be  at  all  generally  useful  when  it  has  been  so  applied  in  this 
country.  Indeed,  the  direct  application  of  potash  as  manure  is 
certainly  more  frequent,  and  is  more  generally  recognised  as 
ejQbctive  for  leguminous  crops,  than  is  that  of  lime,  notwith- 
standing its  obvious  importance,  and  its  great  influence  on  the 
luxuriance  of  growth  of  such  crops.  This  may  perhaps  be 
partly  explained  by  the  fact  that,  in  many,  if  nci  in  most, 
Boils,  the  immediately  available  supply  of  potash  within  the 
I'oot-range  of  the  plant  will  probably  be  sooner  exhausted 
than  will  that  of  lime. 

Summary  and  General  Conclusions. 

It  remains,  in  conclusion,  very  briefly  to  summarise  the  facts 
brought  out  in  this  extended  inquiry  on  the  subject  of  rotation, 
^ix^  to  endeavour  to  draw  from  them  an  explanation  of  the 
^nefits  arising  from  the  practice  of  it. 

At  the  commencement  it  was  pointed  out,  that  although 
^any  different  rotations  are  adopted,  they  may  for  the  most 
part  be  considered  as  little  more  than  local  adaptations  of  the 
System  of  alternating  root-crops  and  leguminous  crops  with  the 
cereals.  Thus,  there  are  rotations  of  five,  six,  seven,  or  more 
years.  But  these  variations  are,  in  most  cases,  only  adap- 
^tions  of  the  principle  to  variations  of  soil,  altitude,  aspect, 
clixnate,  markets,  and  other  local  conditions ;  and  they  consist 
chiefly  in  the  variation  in  the  description  of  the  root-crop,  and 
perhaps  the  introduction  of  potatoes;  in  growing  a  different 
cereal,  or  it  may  be  more  than  one  cereal  consecutively ;  in  the 
K^pwth  of  some  other  leguminous  crop  than  clover ;  or  the  inter- 
^^ixture  with  the  clover  of  grass  seeds ;  and  perhaps  the  exten- 
^^on  of  the  period  allotted  to  this  element  of  the  rotation  to  two 
^^  tnore  years. 

^^    It  is  true,  also,  that,  under  any  specific  rotation,  there  may 

^  deviations  from  the  plan  of  retaining  the  whole  of  the  root- 

^^P,  the  straw  of  the  grain  crops,  and  the  leguminous  fodder- 

r?p8,  on  the  farm,  for  the  production  of  meat  or  milk,  and,  coin- 

I^^^Htly,  for  that  of  manure  to  be  returned  to  the  land.     But  it 

^Iso  true  that,  when  under  the  influence  of  special  local,  or 
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other  demand — proximity  to  towns,  easy  railway  or  other 
mnnication,  and  so  on — ^the  products  which  woidd  otherwis^^  l)e 
retained  on  the  farm  are  exported  firom  it,  the  import  of  t^>^^rn 
or  other  manures  is  generally  an  essential  condition  of  ^xich 
practice.  Indeed,  this  system  of  free  sale  very  frequently  in- 
volves full  compensation  by  purchased  manures  of  some  Hud.  ^n 
our  own  country,  such  deviations  from  the  practice  of  merely  issu- 
ing gi*ain  and  meat  have  been  much  developed  in  recent  ye  ^x^ ; 
and  they  will  doubtless  continue  to  increase  under  the  alt^x*ed 
conditions  of  our  agriculture,  dependent  on  very  large  imi>ox^B 
of  grain,  increasing  imports  of  meat  and  other  products  of  r&&i' 
ing,  and  very  large  imports  of  cattle-food  and  other  agriculfcxa.x^ 
produce.  Already  much  more  attention  is  being  devoted  '^ 
dairy  products,  not  only  on  grass  farms,  but  on  those  that  «^^^ 
mainly  arable ;  and  there  will  doubtless  be  some,  but  probsLl>ly 
by  no  means  so  great  an  extension  as  some  suppose,  in  t^lie 
production  of  other  smaller  articles  required  by  town  popul^^ 
tions. 

It  is  further  true,  though  the  remark  applies  in  a  very  limit:^ 
degree  to  our  own  country,  that  there  are  other  deviations  whi^ 
have  more  the  character  of  exceptions  to  the  general  rule  ^^ 
rotation,  such  as  the  introduction  of  flax,  hemp,  tobacco,  ^  ^' 
other  so-called  industrial  crops.  But,  in  these  cases,  as  wi*° 
potatoes,  the  growth  involves  special  expenditure  for  man^^^'* 
instead  of  conservation  of  it.  Indeed,  the  inducement  is  "fcli© 
high  price  of  the  product,  rather  than  the  maintenance,  or  tlie 
improvement,  of  the  condition  of  the  land  for  future  crops. 

Still,  as  such  deviations  from  regular  rotation  practice    ^ 
have  been  referred  to,  do,  as  has  been  said,  generally  invol^ 
more  or  less,  aud  frequently  full,  compensation  by  manure  fifO^ 
external  sources,  we  may,  in  endeavouring  to  explain  the  b^  '^^ 
fits  which  accrue  from  the  practice  of  rotation,  confine  attenti  ^^' 
for  the  purposes  of  illustration,  to  what  may  be  called  the  ^-  ^ 
supporting  system,  and  to  the  simple  four-course  one  which        ^^^ 
been  selected  for  investigation  at   Rothamsted,  and  from 
results  relating  to  which  the  illustrations   which  have  b^'"^^ 
brought  forward  have  been  drawn. 

It  will  be  well  first  briefly  to  refer  to  the  evidence  relate  ^^Jt 
to  some  of  the  more  important  mineral  constituents  found  in  W 
different  crops  of  the  four-course  rotation. 

Of  phosphoric  acu2,. the  cereal  crops  take  up  as  much  as, 
more  than,  any  of  the  other  crops  of  the  rotation,  excepti 
clover ;  and  the  greater  portion  of  what  they  take  up  is  lost 
the  farm  in  the  saleable  product — ^the  grain.     The  remaindi 
that  in  the  straw,  as  well  as  that  in  the  roots  and  the  le{ 
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ninous  crops,  is  supposed  to  be  retained  on  the  farm,  excepting 
the  small  amount  exported  in  meat  and  mUk. 

Otpotashj  each  of  the  crops  takes  up  very  much  more  than  of 
phosphoric  acid.  But  much  less  potash  than  phosphoric  acid  is 
exported  in  the  cereal  grains,  much  more  being  retained  in  the 
straw ;  whilst  the  other  products  of  the  rotation — the  roots  and 
the  Leguminosae — which  are  also  supposed  to  be  retained  on  the 
farm,  contain  very  much  more  potash  than  the  cereals,  and  com- 
paratiyely  little  of  it  is  exported  in  meat  and  milk.  The  general 
result  is,  that  the  whole  of  the  crops  of  rotation  take  up  very 
much  more  of  potash  than  of  phosphoric  acid,  whilst  probably 
even  less  of  it  is  eventually  lost  to  the  land. 

Of  Kme,  very  little  is  taken  up  by  the  cereal  crops,  and  by 
the  roots  much  less  than  of  potash ;  more  by  the  Leguminosse  than 
by  the  other  crops,  and,  by  the  clover  especially,  sometimes  much 
more  than  by  all  the  other  crops  of  the  rotation  put  together. 
Of  the  lime  of  the  crops,  however,  very  little  goes  in  the  saleable 
products  of  the  farm  under  the  conditions  supposed  of  a  self- 
supporting  rotation.  There  is,  however,  frequently  a  considerable 
loss  of  lime  in  land-drainage. 

Although  the  facts  relating  to  other  mineral  constituents  of 

the  crops  are  not  without  significance,  reference  can  be  made 

here  to  only  one  other  of  these  constituents — namely,  the  silica. 

The  interpolated  crops  of  rotation — the  Roots  and  the  Legu- 

XkiinossD — take  up  scarcely  any  silica ;  but  the  cereals  take  up 

^  very  large  amount  of  it.     Indeed,  the  large  amount  of  silica 

t:^ken  up  by  these  crops  when  grown  under  ordinary  conditions, 

is  as  characteristic  a  chemical  phenomenon  of  rotation  as  is  the 

V-ery  large  amount  of  lime  taken  up  by  clover  and  other  Legu- 

XninossB.     Very  little  silica,  however,  is  lost  to  the  land  in  the 

Assumed  saleable  products. 

Thus,  then,  although  difierent,  and  sometimes  very  large, 
Amounts  of  these  typical  mineral  constituents  are  taken  up  by 
^he  various  crops  constituting  the  rotation,  there  is  no  material 
export  of  any  in  the  saleable  products,  excepting  of  phosphoric 
^Lcid  and  of  potash ;  and,  so  far  at  least  as  phosphoric  acid  is 
c^oncerned,  experience  has  shown  that  it  may  be  advantageously 
Supplied  in  purchased  manures. 

But,  although  the  eventual  loss  to  the  land  of  mineral  con- 
stituents is,  in  a  self-supporting  rotation,  comparatively  so  small, 
"tihe  very  fact  that  the  different  crops  require  for  their  growth, 
xiot  only  very  different  amounts  of  individual  constituents,  but 
:Tequire  these  to  be  available  within  the  soil  in  very  different  con- 
iditions,  both  of  combination  and  of  distribution,  points  to  the 
conclusion  that,  in  any  explanation  of  the  benefits  of  an  alter- 
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nation  of  crops,  the  position,  and  the  role,  of  the  mineral  const] 
taenia  must  not  be  overlooked ;  and  the  less  can  it  be  so,  whei 
their  connection  with  the  very  important  element — the  nitrogei 
of  the  crops — is  considered. 

As  to  the  nitrogen : — It  has  been  seen  that,  although  ver 
characteristically  benefited  by  nitrogenous  manures,  the  cerea 
crops  take  up  and  retain  much  less  nitrogen  than  any  of  tht 
crops  alternated  with  them.  In  fact,  the  root-crops  maj 
contain  two,  or  more,  times  as  much  nitrogen  as  either  of  thi 
cereals,  and  the  leguminous  crop,  especially  the  clover,  mud 
more  than  the  root-crops.  The  greater  part  of  the  nitrogen  c 
the  cereals  is,  however,  sold  off  the  farm ;  but  perhaps  not  moc 
than  10  or  15  per  cent,  of  that  of  either  the  root-crop,  or  tim 
clover,  or  other  forage  leguminous  crop,  is  sold  off  in  anim^ 
increase  or  milk.  Thus,  most  of  the  nitrogen  of  the  straw  of  tU 
cereals,  and  a  very  large  proportion  of  that  of  the  much  mcr^ 
highly  nitrogen-yielding  crops,  returns  to  the  land  as  manac: 
for  the  benefit  of  future  cereals  and  other  crops.  Indeed,  it  is, 
a  rule,  only  a  comparatively  small  proportion  of  the  very  ma«« 
increased  amount  of  nitrogen  obtained  in  rotation  compared  wLr 
that  in  continuous  cereal-cropping  (chiefly  due  to  the  interpolate^ 
crops),  that  is  lost  to  the  land  in  the  saleable  products. 

As  to  the  source  of  the  nitrogen  of  the  so-called  *  restoratir* 
crops,'  it  has  been  shown  that  certainly  in  the  case  of  the  roc3* 
it  is  not,  as  has  sometimes  been  assumed,  that  such  plants  ta3 
up  nitrogen  from  the  air  by  virtue  of  their  extended  le^ 
surface.  Both  common  experience  and  direct  experime^ 
demonstrate,  that  they  are  as  dependent  as  any  crop  that 
grown,  on  available  nitrogen  within  the  soil,  which  is  genendJ 
supplied  by  the  direct  application  of  nitrogenous  manures — 
natural  or  artificial.  Under  such  conditions  of  supply,  howevcsi 
the  root-crops,  so  to  speak  gross  feeders  as  they  are,  ac^ 
distributing  a  very  large  amount  of  fibrous  feeding  root  withJ 
the  soil,  avail  themselves  of  a  much  greater  quantity  of  tfc 
nitrogen  supplied  than  the  cereals  would  do  under  mraiM 
circumstances ;  this  result  being  partly  due  to  their  period  ^ 
accumulation  and  growth  extending  even  months  after  tfc 
period  of  collection  by  the  ripening  cereals  has  terminated,  ad 
at  the  season  when  nitrification  within  the  soil  is  the  mc^ 
active,  and  the  accumulation  of  nitrates  in  it  is  the  greater 
Lastly,  full  supply  of  both  mineral  constituents  and  nitrog^ 
being  at  command,  these  crops  assimilate  a  very  large  amot^ 
of  carbon  from  the  atmosphere,  and  produce,  besides  nitrc^DO'* 
food-products,  a  very  large  amount  of  the  carbohydrate — sug* 
as  respiratory  and  fat-forming  food  for  the  live-stock  of  tlie  b^ 
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Yeiy  much  the  same  may  be  said  of  maize  as  grown  as  a 
fodder-crop  in  America,  as  of  roots  as  grown  in  rotation  in  other 
countries.  Thos,  there  can  be  no  doubt  that  the  maize  derives 
its  nitrogen  from  the  soil,  collecting  some  time  longer  than 
vheat,  and  availing  itself  of  the  nitrates  formed  after  the  col- 
lection by  the  wheat  has  ceased.  But,  so  far  as  the  product  is 
consnmed  on  the  farm,  much  of  its  nitrogen  is  recovered  in  the 
manure — the  more  when  the  food  is  used  for  growing  or  fatten- 
ing stock,  and  the  less  when  for  the  production  of  milk. 

The  still  more  highly  nitrogenous  leguminous  crops,  on  the 
other  hand,  although  not  chai^teristically  benefited  by  nitro- 
genous manures,  nevertheless  contribute  much  more  nitrogen  to 
the  total  produce  of  the  rotation  than  any  of  the  other  crops 
comprised  in  it.  It  is  also  certain  that,  at  any  rate  a  large 
proportion  of  the  nitrogen  of  these  crops  is  obtained  from  the 
soil  and  subsoil ;  though  recent  investigations  have  proved  that 
Bonae  of  their  nitrogen,  and  sometimes  much  of  it,  may  be 
derived  indirectly  from  the  free  nitrogen  of  the  atmosphere, 
brought  into  combination  under  the  influence  of  micro-organ- 
isms within  the  nodules  on  the  roots  of  the  plants. 

It    is    the   leguminous   fodder  crops,    and    among    them 

^p«cially  clover,  which  has  a  much  more  extended  period  of 

STowth,  and  much  more  extended  range  of  collection  within  the 

^il  and  subsoil,  than  any  of  the  other  crops  of  the  rotation,  that 

y^^ld  in  their  produce  the  largest  amount  of  nitrogen  per  acre. 

^^ch  of  this  is  doubtless  taken  up  as  nitrate  ;  yet,  the  direct 

fP'plication  of  nitrate  of  soda  has  comparatively  little  beneficial 

^^^^uence  on  their  growth.     The  nitric  acid  is  probably  taken 

°F^    chiefly  as  nitrate  of  lime,  but  probably  as  nitrate  of  potash 

.^o,  and  it  is  not  without  significance  that  the  high  nitrogen- 

^J^lding  clover  takes  up,  or  at  least  retains,  very  little  soda. 

p^^  general   result  is,   then,  that  although  undoubtedly  the 

^^^'ver  takes  up  a  good  deal  of  its  nitrogen  as  nitrate,  this  would 

*^^m  to  be  derived  from  accumulations  within  the  soil,  which 

**^*|^  brought  into  suitable  conditions  of  combination,  and  dis- 

^fcuted  through  a  wide  range  of  soil  and  subsoil. 

So  much  then  for  the  benefits  of  rotation,  so  far  as  the 
^^^uirements,  the  habits  of  growth,  and  the  capabilities  of 
^^^hering  and  assimilating  the  various  mineral  constituents,  and 
5^^  nitrogen,  of  the  different  crops,  are  concerned.  It  cannot  be 
'^^bted  that  the  difference  in  the  amounts,  in  the  conditions  of 
^^^^^3ibination,  and  in  the  distribution  within  the  soil,  of  the 
^^rious  mineral  constituents,  is  at  least  an  element  in  the 
^-^planation  of  the  benefits  of  alternation;  nor,  on  the  other 
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hand,  can  there  be  any  doubt  that  the  facts  relating  to  the 
amoant,  and  to  the  sources,  of  the  nitrogen  of  the  different 
crops,  are  of  still  greater  significance  than  are  those  in  regard 
to  the  mineral  constituents. 

But,  it  is  not  only  the  conditions  of  growth,  but  the  uses  of 
the  different  crops  when  grown,  that  have  to  be  taken  into 
account.     Thus,  the  cereals,  when  grown  in  rotation,  yield  more 
produce  for  sale  in  the  season  of  growth  than  when  grown 
continuously.      Again,  the  crops  alternated  with  them  accumu- 
late yery  much  more  of  mineral  constituents  and  of  nitrogen  in 
their  produce,  than  do  the  cereals  themselves ;  and,  by  far  the   ^ 
greater  proportion  of  those  constituents  remains  in  circulation  ^« 
in  the  manure  of  the  farm,  whilst  the  remainder  yields  highly^ 
valuable  products  for  sale  in  the  forms  of  meat  and  milk. 

Further,  independently  of  the  benefits  arising  from  th< 
difference  in  the  requirements  and  results  of  growth  of  tb< 
different  crops,  of  the  increased  amount  of  manure  available 
and  of  the  increased  sale  of  highly  valuable  animal  product 
there  are  other  elements  of  advantage  of  considerable  import-^^^ 
ance.  For  example,  with  a  variety  of  crops,  the  mechanic 
operations  of  the  farm,  involving  horse  and  hand  labour,  ai 
better  distributed  over  the  year,  and  are  therefore  moi 
economically  performed.  Last,  but  by  no  means  least,  th« 
opportunities  which  alternate  cropping  affords  for  the  cleanin^,^ 
of  the  land  from  weeds  is  a  prominent  element  of  advantage. 

Thus,  then,  the  benefits  of  rotation  are  very  various ;  an^ — 
the  explanation  of  them,  though  largely  dependent  on  the 
which  have  been  ascertained   by   scientific  investigation, 
largely  involves    considerations   connected    with  the    gene 
economy  of  the  farm ;  and  since,  as  has  been  seen,  so  large 
proportion  of  the  produce  grown  is  retained  on  the  farm, 
stock-food  or  litter,  it  is  obvious  that  the  benefits  cannot 
fully  appreciated  without  arriving  at  some  definite  idea  of  i 
importance  to  the  farmer  of  the  saleable  animal  products,  and 
the  manure  obtained.     It  is  proposed  to  consider  this  subject  i 
a  future  paper. 

John  Bennet  Lawes. 
Joseph  Henry  Gilbert. 

Rothamsted,  St.  Albans. 
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3NTHE  DEPRESSION  OF  CORN  PRICES; 
AND  ON  THE  PRODUCTION  OF  WHEAT 
IN  SOME  OF  THE  CHIEF  EXPORTING 
COUNTRIES  OF  THE  WORLD. 

AViNG  communicated  a  paper  on  the  production  of  wheat  in 
me  of  the  chief  exporting  countries  of  the  world  to  the 
itemational  Agricultural  Congress,  held  at  Budapest  in  Sep- 
tuber  last,  it  has  been  thought  that  a  discussion  of  the  ques- 
>ix  would  be  of  interest  to  agricultural  readers  in  our  own 
luxtry,  and  elsewhere^  at  the  present  time.  We  have,  accord- 
?ly,  as  &r  as  possible  completed  the  tabular  record,  and  have 
t^fiilly  reconsidered  the  subject,  having  regard  to  such  further 
oirmation  as  was  available,  with  a  view  to  publication  in  this 
tiXTial. 

In  discussing  the  probabilities  of  the  extension,  or  the 
^it^tion,  of  the  production  of  wheat  throughout  the  world,  it 
>l>^ouBly  of  interest  and  importance  to  consider — what  are  the 
c^ismstances  which  have  led  to  the  enormously  increased  pro- 
c:t;ion  in  recent  times ;  and  what,  so  far  as  is  known,  are  the 
editions  of  the  chief  exporting  countries  at  the  present  time. 

illustration  of  the  subject,  we  have  brought  together  in  the 
k>le  on  p.  4  a  record  of  the  exports  ^  of  wheat  from  some  of  the 
^f  wheat-growing  countries,  both  those  which  have  hitherto 
^t^xibuted  tibe  greatest  supplies,  and  those  which  have  shown  a 
^Ixed  tendency  to  increase  in  their  production  and  export  in 
^nt  years.  The  quantities  are  given  uniformly  for  all  the 
l^i^tries  in  quarters  of  480  lb. ;  and  it  should  be  further  ex- 
ixied  that,  unless  otherwise  stated,  they  relate  to  net  exports^ 
ti  is,  exports  less  imports.  The  chief  exception  is  in  the  case 
El^nssia  in  Europe,  for  which  the  record  of  imports,  if  any,  was 
'  available.  We  desire  here  to  acknowledge  our  great  obliga- 
te to  both  the  Board  of  Trade  and  the  Board  of  Agriculture, 
iindly,  at  considerable  trouble,  affording  us  facilities  for 
I'O.iriug  the  information  essential  for  our  purpose. 


^  It  will  be  readily  understood  that  it  is  much  more  difficult  to  obtain 
'^^le  records  of  the  exports  from  different  countries,  than  of  the  imports 
^  Oar  own  country.  Thus,  for  the  exports  from  other  countries,  dependence 
'  ^o  be  placed  on  the  records  of  the  individual  countries  themselves,  which 
^^t  always  as  complete  as  might  be  desired,  and  which  are  in  many  cases 
^^  Only  in  their  own  languages,  and  in  weights  or  measures  different  from 


Net  Exports  {Exports  minus  Imports)  of  Wheatj  cmd  of  Flowr  n 
WJiecUf  from  the  chief  Exporting  Countries  of  the  Worl 

(In  quarters  of  480  lb.) 

[  Mliere  fgfures  are  given  in  parenthetiSy  and  with  the  minut  ngn,  the  impoi 
the  exports  ;  and  in  taking  averages  of  the  exports^  these  amounts  are  dt 
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British 

Russia  in 
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CI 

States 

Canada*       j^^j^, 

! 

Europe ' 

Hungary  *    mania  *        tlna  * 

Years 

1          ; 
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Years 

Years          Years 

Years 

Years    1     Years         Years    1    Yei 

ending 

ending 

ending 

ending 

ending        ending    ,    ending    !  end 

June  30 

June  80 

l£ar.8l 
Quarters 

Dec.  31 

Dec.  31 

Dec.31 

Deo.  81 

Dee 

Quarters 

Quarters 

Quarters 

Quarters 

Quarters 

Quarters 

Qua 

1871 

6,268,720 

r- 1,261,672)       67,988 

8,806,917 

2,013,731 

— 

149 

. 

1872 

4»437,298 

(-      91,372) 

148,666 

7,308,729 

(-  20,867)         - 

1,892 

• 

1873 

6,127,675 

194,484 

91,165 

5,303,713 

(     894.548) 

800 

• 

1874 

10,942,679 

608,639 

408,051 

6,237,881 

(-787,896)         — 

1,797 

1876 

8,826,428 

163,486 

239,600 

7,149,524 

229,378 

(-  22,360) 

54! 

1876 

8,909,176 

448,636  !     581,261 

6,974,283 

445,227 

^^^^ 

(-  19,149) 

48 

1877 

6,891,865 

(~    283,868)1,290,299 

6,840,274 

1,794,311 

-        !(-     1,296) 

88 

1878 

11,115,706 

464,760 

1,388,666 

12,827,303 

2,163,926 

•      30,232 

»1 

1879 

la  229,717 

776,668 

152,141 

10,366,036 

1,866,357 

2,094,822 

128,026 

65! 

1880 

22,504,854 

836,316 

512,760 

4,666,427 
6,114,113 

(-231,524).   1,869,430  (-  78,928) 

i 

70< 

1881 

23,300,600 

869,376 

1,743,246 

i 
252,846:      904,290  (-  73,686) 

68) 

1882 

16,156,936 

612,127    4,603,669      9.610,389'    1,883,482  1    1,850,444  ( -     9,150)     681 

1883 

18,383,358 

849,059  1  3,279,266    10,367,622  |    1,715,800  ,'    1,817,689        287,822      63 

1884 

13,979,928 

(—    232,141)' 4.871,849      8,457,611 

888,038 

1,195,074        621,268      46 

1886 

16,594,001 

67,649    3,719,076  \  11,679,054 

i 

1,038,573 

1,821,846  ;      407,814 

5S1 

1886 

11,809,868 

630,010 

4,964,493 

6,590,676 

1,774,619 

1,400,805        207,311 

60^ 

1887 

19,243,394 

899,376 

6,284,2291    9,770,640'    1,850,690 

2,362,212      1,126,417.     69 

1888 

14,934,394 

412,109     3,267,619    15,645,729  i    3,215,163 

3,900,329  ,       861,866  |     444 

1889 

11,101,603 

(-      62,218)  4,184,797    13,274,580     2,293.730 

4,436,111  1       111,756 

S« 

1890 

13,716,806 

(-      63,152)  3,331,164 1 12,204,993      1,941,144,    4,285,125      1,676,083 

1                                      1                    1                    . 

14< 

1891 

13,252,167 

886,289    3,444,168 ,  11,926,056 

1,306,156 

3,091,753;    1,860,441 

78: 

189S 

27.970,783 

1,271,392 

7,163,387      5,416,065 

578,624  '    3,615,669  i    2,278,740  ,     69 

1893 

23,945,008 

1,820,891 

3,633,726  ;  10,220,161 

622,867      3,344,3781    4,870,424 

85: 

1894 

20,465,686 

1,399,722 

3,018,342    15,087,241         335,228      3,327,944      7,644,517 

63: 

1896       17,992,471 

1,1124273  11,740,588    17,471,801         257,197      4,660,979     4,950,347'     36* 

i                                                                                                     i 

SI 

JMMAKY— ATERAG 1 

1 

1 

=:s. 

6-3Parly 

periods  , 

1871-76      7,317.540 

1 

(-      78,287) 

189,092'    6,981,153!       107,960          —         '(-     3,644)   (641 

1876-80    13.530,261 

446,180  1     786,02:i      8,334,865      1,207,659    (1,982,126)         11,777      4» 

1881-86    17,482,765 

331,194  ;  3,643,321      0,2ii5,738      1,155,760      1,517,868;       226,833      56 

1886-90    14,100,913 

345,225  14,202,440,11.497,324      2.215,067,    3,274,916         776,686       40 

1891-95 

25  vrs. 
1871-95 

20,726,203 

•   1,098,113     3,800,012 

1 

1  12,024,065 

1 

9.604,629 

600,014      H,594,145 

4,320,894 

;  M, 

1 

i  14,643,336 

i 

1 

1 

428,485 

1 

'  2,523,984 

1,057,292 

1 

1 

(2,699,935) 

1,066,610 

.  (521 

'  1871-76.  the  importsj,  and  possibly  the  exports,  of  Hour,  inoludcd  some  rye  flour. 
'  1871  and  1872,  gross  exports  of  wheat  ouly  ;  no  record  of  imports  of  wlicat,.and  no 
1873-76,  no  records  of  flour. 

'  No  record  of  imf>orts  available  :  the  fignros  show  gro«s  expf)rts  only. 

*  Flour,  both  exix)rts  and  imports,  reconlcd  as  flour  arul  m'^l,  which  we  have  reckoned  a 

•  For  1886,  gross  exports  of  wherit  only  ;  there  beiuj?  no  i-cconl  of  imports  of  wheat  or  fli 
flour.  •  1871-74,  iio  reoonl  of  imports  uvuilable  ;  figures  show  expor 

'  For  1879, 1893, 1894,  and  1895,  gross  exports  of  wheiit  only  ;  there  being  no  record  of  I 
or  flour,  or  exports  of  flour. 
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As  to  the  causes  which  have  led  to  such  greatly  increased  pro- 
duction of  wheat,  it  may  be  stated  that,  in  ten  out  of  the  twelve 
years  from  1871  to  1882  inclusive,  there  was  less  than  the  average 
yield  of  the  crop  in  the  United  Kingdom ;  and  that,  in  some  of 
the  same  years,  there  was  a  deficient  yield  in  Western  Europe 
generally.  It  may  be  added,  that  the  imports  into  our  own 
country  began  .considerably  to  increase  after  the  harvest  of  1872, 
and  that  they  were  more  than  twice  as  much  in  the  harvest- 
year,  1882-3,  as  in  that  of  1871-2.  Further,  notwithstanding 
the  comparatively  large  proportion  of  average  or  over  average 
yields  since  1882,  our  own  imports  have,  owing  to  increased 
population,  and  reduced  area  under  the  crop  in  consequence  of 
low  prices,  maintained  a  very  high  level ;  and  over  the  five  years 
1891-2  to  1895-6  inclusive,  they  were  considerably  higher  than 
^  1882-3.  The  imports  of  Western  Europe  generally  have 
^Iso  been  considerably  higher  over  the  period  under  review  than 
previously. 

It  was,  in  fact,  the  bad  seasons  in  the  United  Kingdom,  and 
sometimes  also  in  Western  Europe,  between  1871  and  1882,  but 
oulnainating  in  1879,  that  stimulated  the  greatly,  increased 
production  for  export  in  other  countries. 

The  United  States. 

The  United  States  came  the  soonest  and  the  most  rapidly 

^to  the  market.     Thus,  according  to  oflScial  returns,  the  in- 

cre^^e  in  the  wheat-growing  area  in  the  United  States  in  the 

^ve    years  ending    1877  amounted  to  rather  over  5|  million 

^^^©s;  whilst  in  the  next  four  years,  1878-81,  it  was  rather 

^or©  than  llf  million  acres;  together  making  an  increase  of 

'^oi-e  than  16|  million  acres  over  the  nine  years  1873-81  inclu- 

®^v^o.     Over  the  next  eleven  years,  however,  1882-92,  there  was 

?^  ixicrease  of  not  much  more  than  |  million  acres;  the  whole 

iticx-ease  over  the  twenty  years,  1873-92  inclusive,  amounting 

i^^lDout  17f  million  acres.     The  highest  area  recorded  was  in 

^^^  1,  namely,  39,916,897  axjres.     In  1892  it  was  38,554,430, 

?^  ^tout  1^  million  less;  but  in  1893  it  was  only  34,629,418 ; 

^     1894,    34,882,436;   in    1895,  34,047,332;   and   in    1896, 

,^^19,000  acres.     That  is,  there  was  an  estimated  average  of 

^^T^t  5^  million  acres  less  over  the  last  four  years  than  in  1891, 

!^^  of  about  4  million  less  than  in  1 892  ;  part,  at  least,  of  the 

^^crated  reduction  being  due  to  the  substitution  of  other  crops. 

g   '    In  accordance   with   the  foregoing  facts,  reference  to  the 

g^^^es  in  the  Table  will  show,  that  the  exports  from  the  United 

a   ^"tics  began  to  increase   rapidly  after   1873,  and  that,  with 

^^tiuations  due  to  season  and  other  circumstances,  they  have 
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continaed  to  do  so  almost  up  to  the  present  time.  In  the  years 
ending  June  30,  1880  and  1881,  the  exports  were  more  than 
twice  as  great  as  in  the  year  ending  June  30, 1874.  The  largest 
exports  were,  however,  in  the  years  ending  June  30,  1892  and 
1893,  after  the  large  areas  in  1891  and  1892.  But,  in  the 
years  ending  June  80,  1894  and  1895,  there  was,  with  reduced 
area  and  low  prices,  reduction  in  the  exporta;  whilst  the 
returns  show,  that  in  the  year  ending  June  30, 1896,  they  were, 
though  still  high,  lower  than  in  the  preceding  year ;  and  the 
indications  are  that  they  will  probably  be  lower  still  in  the 
current  fiscal  year. 

It  is  to  be  borne  in  mind  that  the  larger  proportion  of  the 
increased  area  brought  under  cultivation  in  the  United  States 
for  wheat  production  and  export,  as  above  recorded,  consisted  o{ 
rich  prairie  land.  The  question  arises,  therefore,  what  are  the 
probabilities  of  the  maintenance,  the  increase,  or  the  decreaaei 
of  this  large  production  for  export  ?  Obviously  the  fact  that  so 
much  capital  has  been  invested  in  bringing  such  large  areas 
under  cultivation  for  the  purpose,  would  point  to  the  conclusion 
that  it  is  not  likely  to  be  abandoned.  On  the  other  hand,  it  is 
alleged,  that  the  wheat  lands  in  the  United  States  from  which 
such  large  exports  have  been  derived,  are  to  a  great  extent 
already  exhausted ;  and  that  Europe  need  not  any  longer  fear 
their  competition  in  wheat  production.  Now,  it  has  been  seen 
that  more  than  16|  million  acres  were  brought  under  cultivation 
in  the  nine  years  1873-81  inclusive,  and  by  far  the  larger  pro- 
portion within  the  last  four  years  of  the  period ;  so  that  much  of 
the  land  now  said  to  be  exhausted  has  only  been  from  fifteen  to 
twenty  years  under  cultivation.  Further,  a  very  large  proportion 
of  the  newly  broken  up  land  having  been  rich  prairie,  frequently 
as  rich  as,  or  richer  than,  good  old  pasture  lands  in  Europe, 
and  sometimes  to  a  considerable  depth,  it  seems  quite  im- 
possible that  there  can  be  material  exhaustion  in  so  short  a 
time.  Notwithstanding  the  inherent  richness  of  the  land, 
however,  the  average  produce  of  the  whole  of  the  wheat  area 
of  the  United  States,  including  so  large  a  proportion  of  rich 
prairie  land,  is  only  between  12  and  13  bushels  per  acre, 
against  more  than  twice  as  much,  between  27  and  28  bushels, 
the  average  produce  under  ordinary  cultivation,  of  the  very 
much  poorer  lands  of  the  United  Kingdom.  Again,  the  nn- 
roanured  plot  of  the  comparatively  poor  soil  of  the  permanent 
experimental  wheat  field  at  Bothamsted,  has  yielded  an  average 
of  more  than  1 3  bushels  per  acre  per  annum  over  fifty  consecutive 
years  without  any  manure  ;  that  is,  more  than  the  average  of 
the  whole  of  the  United  States,  including  so  much  of  rich  prairie 
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land ;  and,  so  &r  as  is  known,  about  the  average  of  the  whole 
of  the  wheat  lands  of  the  world. 

How   are  these  facts  to  be  accounted  for  ?     The  wheat 

produced  in  ordinary  agricultural  practice  on  the  comparatively 

poor  lands  of  the  United  Kingdom  is  grown  in  rotation,  the 

land  is  fairly  cultivated,  and  is  kept  fairly  clean.     In  the  case 

of  the  growth  of  an  average  of  more  than  13  bushels  per  acre 

for  fifty  years  in  succession  without  manure  at  Rothamsted,  the 

l&nd  has  been  kept  as  free  from  weeds  as  possible.     On  the 

other  hand,  most  of  the  export  lands  of  the  United  States  are 

Bcsurcely  more  than  skimmed  by  the  plough,  scarcely  any  labour 

is    bestowed  on  cleaning,  Weeds  largely  rob  the  fertility,  the 

strwm  and  weeds  are  to  a  great  extent  burnt,  and  manure  is 

often  wasted  or  destroyed.     These  are  certainly  conditions  well 

calculated  to  reduce  fertility  rapidly.      But,  considering  the 

oi"iginal  character  of  the  land  in  most  cases,  it  is  impossible  to 

l^^Iieve  that  the  large  wheat-growing  areas  of  the  United  States, 

^^d  to  be  already  exhausted,  would  not,  with  good  cultivation, 

yi^ld  large  crops  for  many  years  to  come.     This  result  can,  how- 

^  v-Qr,  only  be  attained  by  an  increased  expenditure  of  both  capital 

^x^d  labour.      Such,  however,  is  the  mortgage  and  other  in- 

^^fctedness  of  many  of  those  growing  wheat  for  export,  that  it 

^^   %o  be  expected  that  the  application  of  more  capital  will  be 

^^^ly  limited  for  some  time  to  come.     It  is  true  that,  in  the  case 

~      xew  settlement,  with  sparse  population,  though  fertility  may 

cheap,  labour  is  dear,  and  hence  wasteful  modes  of  production 

t,  for  a  time  at  least,  almost  inevitable. 

As  population  becomes  more  dense,  however,  local  markets 

^^^iXl  arise  for  rotation  products,  more  stock  will  be  kept,  the 

?^^^^^w  and  the   manure  will  be  utilised,   cultivation   will   be 

^'^^j)roved,  and  weeds  will  lose  their  ascendency.     Nor  can  there 

any  doubt  that,  when  such  conditions  prevail,  it  will  be  found 

the  growth  of  comparatively  small  crops  of  wheat,  even 

^^^"^h  a  considerable  share  of  weeds,  for  fifteen  or  twenty  years 

^J^    rich  prairie  lands,  has  not  exhausted  their  fertility.     It  is 

to  be  borne  in  mind  that  there  is  yet  more,  and  some  of  it 

I,  land  to  be  brought  under  the  plough. 

^         On  the  other  hand,  the  home  consumption  of  wheat  in  the 

'^^•^ted   States   has   increased   very   largely   in   recent    years. 

^^^^<»rding  to  published  records,  it  has  risen  from  rather  under 

^O  million  Winchester  bushels  in  1872-73,  to  an  average  of 

^^rly  334  million  over  the  ten  years  from  1882-83  to  1891-92. 

^^^twithstanding  this,  the  exports  increased  from  52^  million 

^^^•«hels  in  1872-73  to  an  average  of  146^  million  over  the 

^"^^  years  from  1877-78  to  1881-82 ;  but  they  amounted  to  an 
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average  of  rather  less  than  130  million  over  the  ten  yeai 
1882-83  to  1891-92.  The  maximum  amount  in  any  one  yei 
was  227i  million  in  1891-92;  and  in  1892-93  it  was  192 
million  bushels. 

It  has  been  estimated,  however,  that  judging  firom  tl 
increase  of  the  population  in  the  past,  the  central,  northen 
and  western  States,  from  which  such  large  exports  of  grain  ai 
derived,  will,  before  many  years  have  passed,  be  as  densd 
populated  as  the  eastern  States  are  now,  and  that  then  tit 
export  of  grain  will  be  rapidly  diminished.  In  this  calculatio: 
however,  the  essential  difference  in  the  character  of  the  land : 
the  eastern  States,  and  that  of  the  prairie  districts  of  the  centre 
northern,  and  western  States,  is  not  duly  taken  into  accouc 
It  is  true  that  both  western  wheat  and  western  meat  a; 
materially  reducing  the  production  of  them  in  the  eastei 
States ;  so  that  the  population  of  the  east  as  well  as  of  the  wei 
will  consume  more  and  more  of  the  western  produce,  leavic 
the  less  for  export.  But,  notwithstanding  the  increased  an 
increasing  demand  for  home  consumption,  and  the  allegation 
which  is  now  several  years  old,  that  the  wheat-producing  lam 
are  already  showing  signs  of  exhaustion,  the  Table  shows,  - 
has  already  been  pointed  out,  that  the  exports  were  higher : 
the  years  ending  June  1892  and  June  1893  than  in  any  ot2i* 
year  of  the  series  given ;  and  those  for  the  years  ending  Juz 
1894  and  June  1895  (also  June  1896)  were,  although  showin 
progressive  reduction,  nevertheless  considerably  higher  than  1i 
average. 

Prom  the  foregoing  facts  relating  to  the  production  < 
wheat  in  the  United  States,  we  think  there  can  be  no  doul 
that  there  still  exists  great  inherent  capability  of  productk 
for  export;  but,  that  the  maintenance  of  the  rate  of  recei 
years,  and  still  more,  an  increase,  can  probably  only  be  attainc 
by  considerably  increased  expenditure  of  capital  and  laboni 
whilst,  considering  the  financial  conditions  which  have  bee 
referred  to,  the  scarcity  and  cost  of  labour,  and  the  present  lo 
prices  of  the  produce,  it  seems  probable  that  any  change  in  tl 
direction  supposed  will  be  but  limited  within  the  near  futur 
Further,  in  some  localities,  the  cost  of  freight  to  the  seik-boai 
becomes  more  or  less  an  impediment  to  successful  competitio 
with  countries  more  favourably  circumstanced  in  this  reqpect. 

Canada. 

Canada,  in  its  North-west  Provinces,  comprises  large  am 
adapted  for  the  growth  of  wheat,  a  considerable  proportion  c 
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which  is  naturally  very  fertile ;  but  the  population  of  those  Pro- 
vinces is,  though  growing,  only  sparse  up  to  the  present  time.   In 
LowerCanada,  however,  there  is  a  considerable  population  ;  and 
Aehome  consumption  has  necessitated  the  importation  of  con- 
siderable amounts  of  both  wheat  and  flour,  though  less  during 
recent  years  than  previously.     The  figures  given  in  parenthesis, 
and  with  the  minus  sign,  in  the  column  in  the  Table  relating  to 
Canada,  indicate  that  in  those  years  the  imports  overbalanced 
fche  exports.     In  other  cases,   the   records   represent  the   net 
^^oports  (gross   exports  minus  imports)  ;  and  they  show,  not- 
withstanding the   increasing   demand    for   home   consumption 
^th  the   increasing   population,    a   considerable    increase    of 
exports  during  the  last  few  }iears.     So  far  as  extent  of  area 
Buitable  for  wheat  production  is  concerned,  there  can  be  no 
doubt  that   Canada   possesses   great   inherent   capabilities  for 
©xport ;  but  the  amount  of  land  brought  under  cultivation  for 
^©  purpose   does   not   increase   rapidly.     Indeed,   as   in   the 
United  States,  both  more  capital  and  more  labour  are  required 
w  farther  development ;  whilst,  under  existing  conditions,  both 
^he  cost  of  freight,  and  the  low  prices  of  grain  ruling  throughout 
^e  world,  are  adverse  to  any  rapid  extension  within  the  near 
future. 

British  India. 

The  exports  of  wheat  from  British  India  are  considerably 

larger  than  those  from  Canada,  but  they  bear  only  a  small  pro- 

P^Hion  to  those  from  the  United  States,  or  Kussia  in  Europe ;  or, 

^I'ecent  years,  to  those  from  Argentina,  as  will  be  seen  further  on. 

■*^*^©  figures  in  the  Table  show  that,  as  in  other  cases,  the  export  of 

Jfheat  fit)m  British  India  began  to  increase  as  the  deficiency  in  the 

^^ted  Kingdom  and  Western  Europe  developed  owing  to  Vad 

^^sons.    But  it  was  about  fifteen  years  ago  that  it  showed  such  a 

^^dency  to  rapid  increase  as  to  lead  to  the  assumption  that  the 

^^pK>rts  thence  were  likely  to  come  into  formidable  competition 

T^^^h  those  from  other  exporting  countries.     The  figures  further 

Xr^^^'  however,  that,  with  the  exception  of  the  year  ending 

.  ^^^X5h  31,  1892,  after  the  failure  of  the  crop  in  Russia,  and 

j\^   consequent  greatly  reduced  exports  therefrom,  they  have  de- 

1^^^^  considerably  in  recent  years  compared  with  those  ending 

.»^5^x-eh31,  1882, 1884, 1886,  and  1887.   Indeed,  in  the  year  end- 

*^  March  31, 1895,  they  were  very  much  lower  than  in  any  year 


1  /^^e  that  ending  March  31,  1881.     They  were,  however,  again 
l.S'Her  in  the  year  ending  March  31,  1896  ;  but.  owing  to  failure 
^te  crop  from  drought  over  large  areas,  British  India  is  at  the 
'^ent  time  a  wheat-importing  country. 

A  3 


10     On  Depression  of  Corn  Prices  aiid  Production  of  Whecd, 

* 

The  conditions  of  the  growth  of  wheat  for  export  in  Britij 
India  are,  in  fact,  as  different  as  could  well  be  conceived  fra 
those  of  most  other  exporting  countries.  As  has  been  seen,  tl 
exports  from  the  United  States  and  Canada  are  mainly  deriv* 
from  large  areas  of,  for  the  most  part,  rich  virgin  soil,  which  hiu 
mostly  been  broken  up  for  the  purpose  of  wheat  prodactia 
The  same  applies  in  a  greater  or  less  degree  to  large  whe 
growing  areas  in  other  exporting  countries.  In  British  Indz 
on  the  other  hand,  the  crop  has  been  grown  for  export  on  pc 
soil,  which  has  long  been  under  the  ordinary  cultivation  of  ts 
country,  which  has  been  very  much  exhausted,  and  where,  w5 
a  dense  and  frequently  insuflSciently  fed  population,  labour- 
cheap.  • 

Taking  the  average  of  several  years,  it  would  seem  from  pua 
lished  records  that  wheat  was  only  grown  on  about,  or  on  fit^i 
more  than,  one-tenth  of  the  cultivated  area  ;  whilst  the  proportL- 
of  the  total  produce  which  was  exported,  ranged  from  under  10 
over  20  per  cent.,  and  averaged  about  15  per  cent.     It  may, 
fact,  almost  be  said  that  the  land  devoted  to  the  growth  of  wh6 
for  export,  represents  an  ill-spared  margin  of  that  required  fl 
the  food  supplies  of  the  people  ;  as  is  well  illustrated  by  the  res* 
of  the  failure  of  the  crop  at  the  present  time.     The  produce  pj 
acre  is  very  small,  though  it  is  admitted  that  it  might  be  cop^ 
siderably  increased  if  sufficient  manure  were  available,  which 
is  not.     It  is  not  to  be  wondered  at,  that,  under  the  actual 
existing  conditions,  the  amounts  of  the  exports  should  she 
considerable  fluctuations,  and  that  they  have,  upon  the  whol 
shown  signs  of  diminution  in  recent  years. 

It  is,  it  is  true,  uncertain  to  what  extent  the  result  is  due  ' 
the  local  conditions  under  which  tiie  crop  is  grown,  or  how  S 
the  prevailing  low  prices  in  other  countries  have  had  m 
influence.  It  is  indeed  alleged,  that  the  extension  of  irrigation  4 
large  tracts  of  land  already  under  cultivation  would  greati 
increase  the  production  of  wheat  for  export ;  and  further,  thi 
there  yet  remain  very  large  areas  of  cultivable,  but  as  yet  nc 
cultivated,  land.  Such  possible  or  prospective  sources  c 
increased  capability  of  production  of  wheat  for  export,  horn 
ever  important  to  bear  in  mind,  could  obviously  only  be  ver 
slowly  developed,  and  can  hardly  be  taken  into  c^dcnlatki 
in  estimating  the  probabUity  of  increase  within  the  near  fbtiiK 
At  any  rate,  considering  the  circumstances  of  the  growtl 
hitherto,  it  cannot  be  said,  as  in  the  case  of  some  other  betg 
wheatr^xporting  countries,  that  there  is  a  great  reserve  o 
dormant  fertility  readily  and  rapidly  available  for  the  inoroaaec 
production  for  export. 
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Australasia. 

Owing  to  the  passage  of  produce  from  one  Colony  to  another, 
and  to  defective  statistics,  it  is  impracticable  to  give  a  reliable 
'Wtimate  of  the  net  exports  of  the  whole  collectively  for  a  series 
of  years.     Judging,  however,  from  the  imports  into  the  United 
Kingdom  from  1871  up  to  the  present  time,  there  was  increase 
over  the  second  five  years  compared  with  the  first,  and  over  the 
third  compared    with  the  second ;  over  the  fourth  five  years 
ttere  was  considerable  decline,  but   over  the  last  four  there 
^'as  again   increase,   though  not  bringing  up  the  quantity  to 
that  of  the  third  period,  1881-85.     Victoria  seems  to  be  both 
the  greatest  producer  and  the  greatest  exporter,  South  Australia 
<^ining   second,   and   New   Zealand   third,    but   declining    in 
production  in  recent  years.     Next  comes  New  South  Wales  as 
*    producer;  Tasmania,    Queensland,  and    Western   Australia, 
^^pplying  immaterial  amounts.     It  is  stated  that,  in  the  best 
yielding  Colonies,  there  is  a  good  deal  of  land  suitable  for  the 
^^^op,  but  a  deficiency  of  labour  to  utilise  it  profitably  for  the 
Pappose  ;  whilst,   excepting   in   New  Zealand,  the   yield    per 
^CTe  is  generally  so  small  that  the  gross  return  for  a  given 
^^■©a  leaves  comparatively  little  profit.     Lastly,  as  to  the  position 
^f  wheat  production  in  the  Australian  colonies  under  existing 
^iiditions.     It   seems  that,   chiefly   owing   to  drought,  there 
^^1  probably  be  a  serious  falling  off  in  this  year's  crop.  New 
^uth    Wales,    South   Australia,    Queensland,    and   especially 
Victoria,  having  suffered  considerably ;  whilst  wheat  and  flour 
^^   already  being  imported  from  the  United  States  into  some 
^^  the  Colonies.     Upon  the  whole,  it  would  seem  that  the  pre- 
filing  low  prices  can  afiord  little  inducement  to  extension  of 
^heat  growing  for  export ;  though  with  higher  market  values 
^tlher  development  would  be  probable. 

Russia. 

Rassia  in  Europe  is  the  largest  exporter  of  wheat  in  the 

?^^i*ld  excepting  the  United  States  ;  but  even  including  Russia 

]?^  A^sia  the  Empire  exports  considerably  less  than  the  United 

^t^s.     RoBsia  in  Europe,  like  other  exporting  countries,  has 

^^ported   increasing    amounts   since    the   period   of   the   bad 

?^**V6ets  in  the  United  Kingdom  and  Western  Europe  between 

-1®^!  and  1881.     In  1878  the  exports  were  very  high,  but  then 

^^y  moderated  and  fluctuated  for  some  years,  until,  in  1888, 

^^y  were  higher  than  ever  before.     Since  then  they  have  kept 

?!r  ^  high  level,  excepting  in  1892  and  1893,  after  the  failure  of 

^  crop  in  1891.     The  heaviest  exports  were,  however,  in  1 895, 
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notwithstanding  the  very  low  prices  at  the  time.  Indeed,  t 
exports  from  Russia  in  Europe  in  that  year  were  very  neai 
as  high  as  those  from  the  United  States  in  the  year  endii 
June  30,  1895.  The  records  at  present  available  indicate  tb 
they  will  be  lower  in  1896  than  they  were  in  1895,  and  th 
those  for  1897  will  be  lower  than  average. 

Taking  the  five-yearly  periods  commencing  1871,  tl 
average  annual  amount  of  the  exports  was  greater  over  tl 
second  period  than  the  first,  greater  over  the  third  than  t 
second,  greater  over  the  fourth  than  the  third,  and  the  greate 
over  the  fifth  and  last  period.  This  was  the  case  notwithstan 
ing  the  declining  prices,  and  the  low  exports  in  two  of  the  fi 
years— 1892  and  1893,  after  the  famine  in  1891.  In  fact, 
spite  of  considerable  fluctuations  from  year  to  year,  doubtless 
great  part  due  to  seasons,  and  other  local  conditions,  and  n 
very  clearly  traceable  to  rise  or  fall  in  price,  there  has  hei 
gradual  progression  during  the  twenty-five  years  of  our  revie' 
It  is,  however,  stated  that  the  prevailing  low  prices  have  been 
cause  of  much  distress  and  discouragement  to  the  producers.  C 
the  other  hand,  it  is  said  that  great  efforts  are  being  made 
improve  the  methods  of  production.  State  aid  being  given 
various  ways;  whilst  there  still  remain  considerable  areas  of  ferti 
land  to  be  brought  under  cultivation.  It  is,  indeed,  assum* 
that  if  prices  become  more  remunerative,  there  will  be  increafr 
production  of  wl^dat  for  export.  But  it  is  admitted  that,  bedd 
improved  methods  of  production,  better  roads,  more  railws 
facilities,  and  lower  freights,  are  needed  to  maintain  success! 
competition  with  other  exporting  countries. 

Russia  in  Europe  is,  indeed,  a  very  important  factor  to  tiL 
into  account ;  and  an  element  for  consideration  is  that  much 
the  exports  come  from  large  tracts  of  rich  soil.  Further,  so  t 
as  records  are  at  command,  it  would  appear  that  the  expot 
from  Russia  in  Asia,  though  bearing  only  a  small  proportii 
to  those  from  Russia  in  Europe,  have  nevertheless  increas* 
considerably  in  recent  years,  doubtless  aided  by  improve 
communications ;  and,  although  the  proportion  of  the  whole 
small,  the  exports  of  meal  and  flour  reckoned  as  wheat,  ha* 
increased  proportionally  more  than  those  of  wheat  as  whei 
Upon  the  whole,  there  can  hardly  be  much  doubtthat  with  mo 
remunerative  prices,  increased  exports  from  the  Russian  Empi 
would  be  forthcoming. 

Austria-Hungary. 

Of  the  total  production  of  wheat  in  Austria-Hungary,  fro 
tiree-fourths  to  four-fifths  are   due  to  Hungary ;   and  of  t 
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total  exports  frequently  nearly,  and  Bometimes  fully,  one  half 

is  represented   by  flour.     Wheat  is,   however,   imported  into 

Hongaiy  (though  in  smaller  quantities   in  recent   years  than 

fonnerly),  from  Boumania,  Servia,  and  Russia,  and  some  from 

ptter  countries,  chiefly  for  milling  purposes.    The  exported  flour 

^  said  to  be  derived  mainly  from  Hungarian  wheat,  whilst  the 

floor  from  the  imported  wheat  is  to  a  great  extent  appropriated 

to  home  consumption.     As  the  Table  shows,  the  net  exports 

^ere  &irly  large  in  the  first  year,   1871,  but  then  for   five 

jears  the  exports  were  either  overbalanced  by  imports,  or  the 

net  exports  were  but  small.     There  was  then  an  increase  for 

three  years,  followed   by   an   excess  of  imports  in  1880,  and 

very  little  surplus  exports  in  1881.     From  that  time,  for  nine 

or  ten  years,  there  were  fair,  but  variable,  and,  in  a  few  years, 

even  large  amounts  of  net  exports ;  but  during  the  last  few 

years  they  have  very  rapidly  diminished.     The  general  result  is, 

that  over  the  first  five-yearly  period  the  net  exports  were  very 

small,  over  the  second  and  third  periods  they  were  considerable, 

over  the  fourth  about  twice  as  much  as  over  either  the  second 

or  the  third,  but  over  the  fifth  and  last  period  they  were  very  low. 

It  may  be  added  that,  of  the  total  exports,  an  average  of  between 

^O  and  50  per  cent,  is  represented  by  flour  reckoned  as  wheat. 

Upon  the  whole,  the  exports  of  wheat,  and  of  flour  reckoned 

^  'wheat,  firom  Austria-Hungary  showed,  in  spite  of  fluctuations, 

*  ^en&nl  tendency  to  increase  up  to  within  the  last  few  years, 

*^ring  which  they  have  declined  in  a  very  marked  degree.     As, 

*^^oording  to  published  records,  the  area,  and  the  aggregate  crop, 

'^^ve  increased  in  recent  years,  and  it  is  to  be  supposed  that  the 

*^tdvity  of  the  mills  has  not  declined,  the  assumption,  which  is 

**^iTie  out  by  such  evidence  as  is  available  as  to  supplies  and 

Papulation,  is  that,  with  increasing  population,  and  low  prices 

^^ncing  a  wider  and  freer  use  of  wheaten  products  as  food,  the 

°^i3iands  for  home  consumption  have  left  but  little  surplus  for 

^^^ign  markets.      It  results  that  the  exports  from  Austria- 

^^-^^uigary  do  not  constitute  an  important  element  in  the  world's 

^'^pply  for  other  countries ;  but  they  are  characterised  by  com- 

P^!"ifiing  a  large  proportion  of  flour  of  high  quality. 

ROUMANIA. 

The  Table  shows  that  the  returns  for  Roumania  do  not 
^xnmence  until  1879,  and  so  relate  to  only  seventeen  years, 
^^^9^95  inclusive.  Comparison  will  show  that  in  nearly 
^  of  these  individual  years,  the  expoi-ts  of  wheat,  and  of  flour 
^J^ioned  as  wheat,  were  higher  from  Roumania  than  from 
^  **wcria-Hungary,  and  this  was  especially  the  case  during  the 
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later  years,  in  which  the  exports  from  Anstria-Hnngary  dc 
clined  so  considerably,  whilst  those  from  Ronmania  mMntAfn^ 
a  high  level.  The  year  of  highest  exports  fit)m  Anstrii 
Hungary  was  1888,  from  which  date  they  rapidly  decline! 
The  period  of  highest  exports  from  Hoomania  was  over  tl 
eight  years  1888-95,  during  which  they  never  fell  belo' 
3  million  quarters,  whilst  in  one  year  they  approached,  an 
in  three  years  considerably  exceeded,  4  million  quarters.  I 
fact,  as  already  stated,  Hungary  imported  from  Roomanii 
On  the  other  hand,  Houmania  is  supposed  to  obtain  some  < 
her  supplies  from  Bulgaria  and  Servia.  Hungary  is,  howevea 
estimated  to  produce  about  two  and  a  half  times  as  mnc 
wheat  as  Houmania ;  but  Houmania  produces  more  in  proportio 
to  population,  in  other  words  has  a  larger  surplus  for  export. 

Some  Other  Exporting  Countries. 

Excepting  some  of  the  South  American  Republics,  whio 
will  be  referred  to  separately,  Bulgaria,  Servia,  Eastei 
Boumelia,  Turkey  in  Asia,  and  Egypt,  perhaps  come  next  i 
importance  as  exporting  countries  to  those  already  considered 
but  none  of  them  supplies  large  amounts,  and,  in  the  aggregati 
they  export  considerably  less  than  Boumania ;  nor  does  ike 
estimated  production  in  relation  to  population  indicate  mnc 
surplus  for  export.  Under  more  favourable  political  cond 
tions,  and  with  improved  communications,  it  is  probable  thf 
the  exports  from  Asia  Minor  might  be  considerably  increase! 
The  production  in  Egypt  is  small  in  relation  to  population,  an< 
in  districts  suitable  as  to  soil  and  climate,  both  production  ao 
export  are  probably  capable  of  extension.  Upon  the  whol 
however,  the  group  of  countries  enumerated  does  not  promif 
material  extension  in  the  near  future. 

Argentina. 

Argentina,  Chili,  and  Uruguay  are  of  special  interest  in  ccn 
nection  with  the  subject  of  the  wheat  production  of  the  world,  m 
so  much  from  the  amounts  that  they  have  hitherto  exported,  bi 
because  of  the  rapid  increase  in  the  production  and  expoi 
(especially  of  Argentina  and  Uruguay)  within  recent  years,  and  < 
the  probabilities  of  extension  in  the  future.  The  Table  shows  th 
Argentina  has  exported  more  or  less  from  the  commencement  < 
the  period  of  twenty- five  years  under  review.  In  six  of  the  fin 
twelve  years  there  were  only  quite  immaterial  amounts  of  ni 
exports,  whilst  in  the  other  six  the  imports  overbalanced  tii 
exports.  From  1883  up  to  the  present  time,  however,  the  n< 
exports  have  continued  to  increase,  and  very  rapidly  during  lib 
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six  years — from  more  than  1^  million  quarters  in  1890  to 

more  than  7  J  million  in  1894,  and  to  nearly  5  million  in  1895. 

In  fact,  there  has  been  great  increase  in  the  area  under  the  crop 

vHthin  the  last  few   years;  and  it  is  said  that  although  low 

prices  have  been  wnch  felt,  leaving  comparatively  little  margin 

ft>r  profit,  yet  it  is  considered  that  with  improvement  of  methods 

^^  of  production  will  be  reduced ;  and  it  is  believed  that  the 

^nipment  for  wheat  growing  is  now  so  fully  established,  that, 

®ven  with  continued  low  prices,  there  would  not  be  material 

?^nction  of  area  for  some  time  to  come.     On  the  other  hand, 

^t  18  alleged  that,  with  remunerative  prices,  the  area  under  the 

^^p  might  be  increased  even  twenty-fold !     There  is  plenty  of 

^rtile  soil  as  yet  not  broken  up,  and  labour  is  cheap ;  but  for 

^^terial  extension  in  this  direction  much  greater  road  and  rail- 

^^y  facilities,  and  increased  storage  arrangements,  would  be 

'Quired.     Greatly  increased  production  on  such   lines  could 

fherefore  only  be  slowly  developed.     Upon  the  whole,  however, 

^t  cannot  be  doubted,  that  Argentina  comprises  very  large  areas 

^^   fertile    land   suitable    for    wheat  production   for  export; 

^Mch,  if  prices  gave  suflBcient  encouragement,  would  probably 

^  gradually  brought  into  requisition,  as  the  necessary  couditions 

of  utilisation  were  available. 

Chili. 

Chili,  although  comprising  a  very  large  total  area,  does  not 
mclnde  a  large  proportion  with  soil  and  climate  suitable  for  wheat 
Pix>duction.  The  Table  shows,  however,  that  Chili  has  exported 
considerable  quantities  of  wheat  for  many  years  past.  Our  records 
oommence  only  with  1875,  but,  during  the  twenty-one  years  to 
*895,  there  has  been  more  or  less  fluctuation  in  the  amount  of 
®*ports ;  though,  upon  the  whole,  they  have  shown  a  degree  of 
'"^ularity  which  does  not  indicate  active  development.  Indeed, 
^©  recoiiis  for  the  last  five  years  do  not  show  material  increase 
^mpared  with  some  earlier  years.  But  that  there  is  a  consider- 
able area  still  available  for  wheat  production  seems  to  be  certain. 

Uruguay. 

Uruguay  is  a  comparatively  small  State ;  but  agriculture, 
?^d  especially  wheat  production,  has  been  considerably  developed 
^  I'ecent  years,  and  there  are  large  tracts  of  land  suitable  for 
^^tension,  only  requiring  remunerative  prices,  capital,  labour, 
^d  better  communications,  for  utilisation.  The  Table  shows 
^*^t  Uruguay  has  exported  wheat  and  flour  for  a  good  many 
y^rs;  but  that  until  quite  recently  the  quantities  have 
*^ti  small,  and  sometimes  overbalanced  by  imports.  Activity 
^Uis  to  have  recommenced  in  1893,  from  which  date  the  net 
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exports  have  considerably  increased,  reaching  nearly  |  milL 
qaarters  in  1894,  and  more  than  ^  million  in  1895.  Bat  1 
evidence  at  command  indicates  that  the  exports  will  proba] 
be  less  in  1896  and  1897.  As  already  said,  there  are  lar 
areas  of  fertile  land  awaiting  favoarable  conditions  for  ntilisatic 

Summary  and  General  Conclusions. 

From  a  review  of  the  whole  of  the  facts  which  have  bee 
addnced,  it  is  evident  that  the  deficient  yields  of  wheat  ii 
most  years  from  1871  to  1882  in  the  United  Kingdom,  am 
sometimes  in  Western  Europe  also,  and  the  consequent  lim 
of  prices,  stimulated  its  production  for  export  in  varions 
countries  throughout  the'  world.  In  some  this  led  to  the 
opening  up  of  large  tracts  of  land,  and  sometimes  of  very  rich 
land,  for  the  purpose,  involving  very  large  investments  of 
capital.  The  result  has  been  so  full  a  supply  in  relation  to  the 
demand  as  greatly  to  depress  prices,  and  so  to  discourage  the 
further  rapid  extension  in  some  of  the  chief  exporting  oonntries 
in  recent  years  ;  whilst  some  others  have  rapidly  developed  e?» 
coincidently  with  the  declining  prices.  The  evidence  points  to 
the  conclusion  that,  in  the  case  of  some  of  the  larger  exporting 
countries,  the  continuance  of  low  prices,  and  other  advene 
circumstances,  will  probably  retard  extension  in  the  neir 
future  ;  whilst,  in  others,  extension  seems  more  probable,  even 
in  spite  of  low  prices. 

At  any  rate,  it  cannot  be  doubted  that  there  remain 
throughout  the  world  great  inherent  capabilities  for  increesed 
production,  which  would  rapidly  be  developed  with  rising  prices. 
Such,  indeed,  is  the  extent  of  this  capability  that  the  encourage- 
ment of  higher  prices  would,  by  increased  production  and 
increased  export,  tend  to  keep  the  supply  fully  up  to  the 
demand,  and  so  far  to  react  adversely  to  any  considerable 
and  permanent  rise.  There  will,  of  course,  be  fluctuation  to 
prices  from  year  to  year,  according  to  the  varying  relate 
of  supply  to  demand,  depending  on  the  seasons  and  other  ci^ 
cumstances  in  different  countries.  Of  this  we  have  an  illo*" 
tration  at  the  present  time.  Commencing  with  October  W 
there  has  been  a  slow  though  steady  rise  in  prices.  WhateWf 
other  agencies  may  have  been  at  work,  it  may  be  stated  that 
the  rise  has  followed  what  official  statistics  indicate  to  hav* 
been  an  average  reduction  of  area  under  wheat  in  the  United 
States — the  greatest  exporting  country — of  about  fourmilli* 
acres  per  annum  over  the  four  years  1893-96,  compared  with 
1892,  and  of  five  and  one-third  million  compared  with  I89*r 
the  year  of  highest  recorded  area ;  and  the  Table  shows  that 
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the  high  exports  in  the  years  ending  Jane  30,  1892 
893,  following  the  production  of  the  extended  areas  of 
Jid  1892,  the  exports  were  much  less  in  1894,  and  less 

1895 ;  whilst  subsequent  records  show  that  they  were 
rflier  reduced  in  the  year  ending  June  30,  1896 ;  and 
information  indicates  that  they  will  probably  be  less  for 
rending  June  30,  1897.     Then,  parts  of  British  India 

the  borders  of  famine,  and  the  country  is  importing 
instead  of  exporting  ;  whilst,  though  of  less  importance, 
r  our  Australian  Ck)lonies  are  also  importing  instead  of 
Qg.  Further,  it  is  estimated  that  the  exports  frbm 
ina  will  be  considerably  less  in  1896  than  they  were  in 
Old  probably  also  less  in  1897.  Lastly,  what  is  of  more 
mce  is,  that  the  exports  from  Russia  in  1896  will 
ly  be  less  than  those  of  1895,  and  that,  if  the  figures 

>  published  are  to  be  relied  upon,  the  crop  of  this  year 
less  than  average. 

>  average  price  of  wheat  in  our  own  country  began  to 
drious  tendency  to  decline  in  1892,  when  the  world's 
1  had  reached  a  higher  level  than  ever  before ;  but  it 
its  lowest  from  September,  1894,  to  May,  1895,  coin- 
j  with  stiU  higher  exports.     The  records  and  estimates 

available  would  indicate,  however,  that,  under  ordinary 
stances,  the  total  export  supplies  of  the  world  would  be 
rably  less  in  1896  than  the  average  of  the  four  preceding 
and  probably  less  still  in  1897.  On  the  other  hand, 
for  future  deliveries  show  little  change  as  the  spring 
Bs,  as  if  no  deficiency  were  expected  ;  the  assumption  pre- 
y  being  that  the  higher  prices  will  cause  economy,  reduc- 
stocks  and  reserves  for  home  consumption,  and  perhaps 
on  of  area  sown,  in  exporting  countries. 
what  extent,  or  how  long,  therefore,  the  circumstances 
■ated  will  have  an  influence  on  the  price  of  wheat,  or 
r  others  will  arise  tending  to  maintain  or  to  counteract 
sent  movement,  remains  to  be  seen.  No  doubt,  under  the 
3e  of  extensive  war,  involving  powerful  nations  and 
wpulations,  there  would  be  more  or  less  rise  in  prices, 
longer  or  shorter  period.  But,  independently  of  any 
alamity,  or  other  abnormal  contingency,  such  is  the 
to  which  the  wheat-produciug  capabilities  of  the  world 
3en  opened  up,  and  show  possibilities  of  development, 
cannot  be  said  that  the  circumstances  indicate  much 
Jt  of  a  substantial  and  permanent  rise. 

John  Bexnet  Lawes. 

J.  Henry  Gilbert. 

tDstod. 
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^'^  is  only  reasonable  to  expect  that  the  Beport  of  a  Boyal 

Commission  appointed  to  inquire  into  the  subject  of  Agricnl- 

^'iral  Depression,  which  sat  for  nearly  four  years,   held   177 

Meetings,  examined  191  witnesses,  and  have  put  on  record  a 

^timber  of  conclusions  and  recommendations,  shoald  sooner  or 

**ter  be  followed  by  legislation.     Nor  can  it  be  wondered  at 

J^t  the  Agricultural  Holdings  Act  of  1883,  which  brought 

^^gislation  to  bear  upon  an  entirely  new  subject,  should  have 

^Used  dissatisfaction  to  many  of  those  whose  interests  might 

^  affected  by  its  provisions.     Indeed,  when  the  Judges  of  one 

^^-^Urt  differ  firom  those  of  another  in  their  interpretation  of  the 

^^,  and  even  those  in  the  final  Court  of  Appeal  are  sometimes 

^vided  in  their  view,  little  surprise  can  be  felt  that  a  claim  on 

^Jie  side  for  compensation  under  the  Act  should  be  met  by  an 

appeal  or  larger  claim  on  the  other  side ;  or  that  the  ultimate 

^"^^^ult  should  be  unsatisfactory  and  expensive  to  both  parties 

^^^^med.     Nor  can  the  opinion  which  has  been  expressed  by 

^^Oie  &nners — "  that  any  fool  can  be  a  valuer  " — be  held  to 

P^^bliflh   any  serious  ground   of  reproach  against  those  who 

"^^^0  been  called  upon  to  act  in  that  capacity,  when  it  is 

^^^^dered  that  they  had  little  or  no  experience  to  guide 


Among  the  changes  which  the  Commissioners  recommend  as 
jj^  *^jects  for  future  legislation,  those  which  appear  to  be  of  the 
^Bt  importance  may  be  briefly  summarised  as  follows : — 

Much  greater  simplicity,  and  much  less  expensive  pro- 
cedure, in  the  settlement  of  claims  as  between  the  owner  and 
^e  occupier  of  the  land. 

Kemoval  of  some  of  the  restrictions  still  embodied  in 
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some  agreements,  as  to  the  cultivation  of  the  land,  an 
disposal  of  the  produce. 

Ck)mpen8ation  to  be  allowed  to  the  tenant  for  the 
sumption  by  cattle,  sheep,  and  pigs,  of  com  prodaced  o 
holding ;  also  in  respect  of  corn  consumed  by  horses 
than  those  regularly  employed  on  the  farm. 

Removal   from  Section  1    of  the  Agricultural  Hoi 
Act  (1883)  of  the  proviso  recognising  "  the  inherent 
bilities  of  the  soil,"  a  term   which   appears  to   the 
missioners  to  be  obnoxious  to  many,  as  they  are  oon 
that  Referees  in  estimating  the  tenant's  interest  in  the 
of  an  improvement  will  take  into  consideration  the  cha 
of  the  soil,  its  natural  fertility  and  capabilities,  withou 
instruction  by  statute. 
It   is   somewhat   remarkable   that  the  term   ^'  cumu 
fertility "  is  also  objected  to.     Thus  in  the  course  of  thi 
cussion  at  the  Conference  of  the  Scottish  Chamber  of 
culture  held  in  Edinburgh  on  October  20,  Mr.  T.  H.  I 
Secretary  to  the  Board  of  Agriculture,  is  reported  to 
expressed  a  strong  objection  to  the  term  '*  cumulative  ferC 
He  said  that  the  phrase  used  to  haunt  him  a  little ;  he  me 
every  turn,  and  he  did  not  know  what  it  meant ;  and  h 
glad  that  it  had  disappeared  from  the  resolution. 

As  in  the  case  of  the  term  "  inherent  fertility,"  whi< 
Commissioners  propose  should  be  abandoned,  as  valuers 
recognise  the  fact  even  without  any  instruction  by  statv 
in  the  case  of  the  term  "  cumulative  fertility  "  neither  c 
nor  occupiers  will  quarrel  about  the  term,  provided  that 
it  is  intended  to  define  is  fairly  valued.  It  is  indeed,  satisi 
to  know  that  the  two  members  of  the  Commission  who  d 
sign  the  Report,  but  submitted  separate  reports  emb( 
their  own  views,  while  advocating  greater  freedom  to  the 
in  his  operations,  both  urge  the  importance  of  mauitainij 
fertility  of  the  soil.  Thus,  Mr.  Lambert,  in  his  own  "  G 
Conclusions "  (h,  p.  224),  says  that  the  tenant  should 
"  freedom  to  crop  the  land  and  sell  the  produce,  provide 
fertility  of  the  soil  is  maintained."  And  Mr.  Channing, 
own  ^^  Becommendaiions''  (10,  p.  369),  says  ''tenants  i 
be  free  to  cultivate  the  land  and  sell  produce  to  th< 
advantage,  so  long  as  they  maintain  its  fertility." 

No  one  can  doubt  that  the  soils  of  Great  Britain  var 
greatly  in  their  character  and  composition — from  the  li 
soils  in  Norfolk,  which  practically  require  the  whole,  oi 
sometimes  more  than  the  whole,  of  the  food  taken  up  ire 
soil  by  the  growing  crops  to  be  supplied  from  external  sour 
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^e  deep  alluvial  soils  which  are  very  rich  in  fertility,  not  only  on 

^e  surface,  but  to  a  considerable  depth.    The  majority  of  the  soils 

of  the  country  are  neither  so  poor  nor  so  rich  as  those  above 

Referred  to ;  but,  in  many   districts,  continuous  good  farming 

is  to  be  found.     It  is  chiefly  those  who  depend  upon  town 

manures,  or  the  products  of  other  countries  in  the  form  of  cakes, 

corn,  &c.,  and  who  know  that  to  accumulate   fertility  in  the 

soil,  or  in  other  words  to  bring  the  land  into  condition,  is  a 

^oit  of  time,  and  involves  considerable  outlay,  who  are  looking 

ft>r?rard  to  legislation  to  protect  their  interests. 

As  part  of  the  Bothamsted  Estate  has  been  devoted  to 
exact  experiment  for  a  longer  series  of  years  than  any  other 
land,  and  ns  it  does  not  differ  much  in  character  and  in  inherent 
fertility  from  that  over  a  considerable  area  of  the  district,  it  will 
be  of  interest  briefly  to  refer  to  its  previous  history  as  shown  by 
the  records  available.  There  is  evidence  that  as  far  back  as  the 
^arly  part  of  the  sixteenth  century  most  of  it  was  already  under 
arable  cultivation,  partly  in  the  hands  of  the  owner,  and  partly 
in  that  of  tenants.  The  Manor  House  was  even  then  old,  the 
Manor  of  Bothamsted  dating  back  to  a  very  early  period.  It 
ttiay  be  assumed,  therefore,  that  much  of  the  land  has  been 
^uder  arable  cultivation,  such  as  it  was,  for  some  centuries, 
f-^ming  to  more  recent  times,  it  is  found  that  in  1802  the  rent 
^^  the  estate  was  raised  to  205.  per  acre,  the  tenant  paying 
^e  tithe.  This  rental  continued  without  change  up  to  1822, 
'^hen  it  was  reduced  in  consequence  of  the  great  fall  in  the 
P*ice  of  com,  and  the  return  to  money  payments.  The  tenants 
^^Id  the  farms  as  annual  tenants,  leases  not  being  customary  in 
^^©  district ;  and  the  agreement  signed  by  the  tenant  bound 
*^iiii  to  farm  according  to  the  custom  of  the  country. 

The  custom  comprised  a  five-course  rotation  of  turnips, 
"^yley,  clover,  wheat,  and  oats ;  peas,  beans,  or  summer  fallow, 
being  admissible  instead  of  the  clover.  The  tenant  might  sell 
^he  wheat,  barley,  peas,  and  beans,  but  was  to  consume  all  hay, 
J*^w^,  roots,  and  green  crops  on  the  holding ;  excepting  that 
*^®  might  sell  off  hay,  wheat-straw,  and  one-fifth  of  the  roots,  on 
^Jidition  that  he  brought  back  for  every  load  of  such  produce 
^W  or  carried  ofi*,  one  ton  of  good  dung  or  other  manure  of 
^^  strength  and  value.  More  recently  the  consumption  by 
^ttle^  sheep,  or  pigs  of  purchased  feeding-stufis  has  been  deemed 
^  equivalent  to  manure. 

up  to  nearly  the  middle  of  the  present  century,  artificial 

"^^Ures  were  but  little  used.     There  can  be  no  doubt  that  for 

Very  long  period — in  fact  from  the  time  when  the  land  was 

^ken  up  and  subjected  to  arable  cultivation — there  was  a 
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gradual  removal  and  loss  of  some  of  the  constitaents  of  tbc 
So  far,  for  example,  as  the  nitrogen  is  concerned,  it  is  oe 
that  the  amount  of  it  contained  in  the  surface  soil  is  conside 
less  in  its  present  arable  condition  than  it  was  before  it 
broken  up.  In  fact,  as  we  have  said  elsewhere,  "  When 
borne  in  mind  that  all  our  arable  soils  were  originally  co* 
with  natural  herbage  or  timber,  and  that  during  centuri 
arable  culture  much  of  the  previously  accumulated  fertilit 
thereby  been  removed,  it  will  readily  be  understood  that  i 
re-conversion  of  such  arable  land  into  permanent  grass,  mu 
the  used-up  accumulated  fertility  must  be  restored,  befin 
can  get  it  back  into  a  satisfactory  condition." 

It  is  obvious  that,  under  the  system  which  has  been  desci 
a  slow  exhaustion  of  the  soil  must  have  been  taking  plac 
centuries ;  and,  doubtless,  exhaustion  to  a  greater  or  less  e 
must  have  taken  place  over  large  areas  of  Oreat  Britain. 
limits  of  reasonable  exhaustion  are  indicated  in  some  me 
by  the  character  of  the  rotations  adopted,  whether  a  four,  $ 
or  a  seven  year  course.  In  some  districts,  however,  the  U 
is  required  to  apply  lime  to  the  soil  periodically ;  but  a 
action  of  lime  is  to  liberate  fertility,  when  it  is  said  the 
land  has  been  overlimed,  the  explanation  is  that  the  reso 
of  the  soil  have  been  overtaxed. 

Let  us  now  consider  how  far  soils  are  competent  to 
profitable  crops  over  long  periods  of  time  from  their 
resources.  In  the  first  place,  it  will  be  well  to  point  out 
is  the  average  proportion  of  the  constituents  of  our  crops  i 
is  derived  &om  the  resources  of  the  soil,  and  how  mu 
obtained  from  the  atmosphere.  Leaving  out  of  considei 
for  the  present  the  nitrogen,  which  will  be  considered  ind« 
dently,  it  may  be  said  that  the  amount  of  mineral  or  ix 
bustible  matter  taken  up  in  the  crops  of  a  four-course  rol 
would  only  be  about  5  or  6  per  cent,  of  the  total  produce 
remainder  consisting  of  non-nitrogenous  combustible  n 
derived  from  the  atmosphere,  and  water.  As  to  the  impc 
constituent  of  soils,  manures,  and  crops — the  nitrogen — £b 
a  constant  loss  of  it  from  the  soil,  greater  or  less  accord] 
circumstances,  in  the  form  of  nitrates  passing  off  in  the  dra 
water ;  and  there  are  also  other  losses  of  it  from  the  soil  Of 
the  manure.  Part  of  this  loss  to  the  soil  and  to  the  gn 
crops  is,  however,  compensated  by  the  fixation  of  firee  nib 
coincidently  with  the  growth  of  leguminous  crops. 

Thus,  stated  in  a  few  words,  the  conditions  as  between 
owner  and  the  occupier  appear  to  be,  that  the  owner  su] 
the  use  of  a  house,  farm- buildings,  &c.,  and  the  land,  i 
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sappliefi  mineral  constitaents  and  a  certain  amoant  of  nitrogen, 
by  tike  aid  of  which  the  growing  crops  are  enabled  to  accamnlate 
a  laige  amount  of  their  material  from  the  atmosphere,  and  the 
occupier  is  allowed  to  remove  and  take  to  market  so  much  of 
ihe  produce  as  long  experience  has  proved  can  be  done  without 
injurionsly  exhausting  the  ^'  inherent "  capabilities  of  the  soil. 

Let  us  now  try  to  illustrate  the  extent,  and  the  limit,  of  the 
capabilities  of  a  soil  of  a  certain  description,  by  reference  to  the 
results  of  experiments  conducted  on  the  Bothamsted  soil,  with 
different  crops,  for  many  years.  The  soil  is  a  rather  heavy 
loam,  naturally  drained  by  the  chalk  which  occurs  at  a  varying 
depth  of  from  10  to  20  feet  from  the  surface.  Just  below  the 
reach  of  the  plough  there  is  a  yellow  clay,  containing  many  flint 
stones ;  and  if  the  clay  be  brought  to  the  surface  it  is  found  to 
be  very  injurious  to  vegetation. 

Looking  upon  the  subject  from  a  chemical  point  of  view 
<^y,  it  would  seem  that  a  complete  analysis  of  the  soil  upon 
whudi  crops  were  to  be  experimentally  grown  should  be  one  of 
^e  first  things  to  undertake ;  and  soon  after  the  commencement 
^  our  systematic  field  experiments,  the  importance  of  the 
subject  was  very  carefully  considered.  Having  regard,  how- 
ever, to  the  points  which  it  seemed  desirable  to  ascertain,  and 
^  the  inapplicability  of  the  methods  of  soil  analysis  then  adopted 
to  determine  what  was  wanted,  we  decided  that  for  the  time  the 
^08t  promising  line  of  investigation  was  to  confine  attention 
dmost  exclusively  to  the  nitrogen  of  the  soil,  and  to  be  satisfied 
^  take  and  preserve  samples  of  the  experimental  soils  for  future 
^Investigation,  when  more  was  known  of  what  a  soil  either  is  or 
^^Sbt  to  be,  and  when  methods  of  analysis  were  available  for 
^©termining  what  it  was  desired  to  know. 

A  few  years  ago  Dr.  Bernard  Dyer  made  a  step  in  advance 

V  devising  a  process  with  the  view  of  determining  not  only  the 

^^^t^  constituents  of  a  soil,  but  as  far  as  practicable  how  much 

^J"  t;he  most  important  constituents — the  potash  and  the  phos- 

P*4oxic  acid — was  probably  in  a  condition  of  availability  to  grow- 

!^8    crops.      It  is  obvious  that,  for  the   purpose  of  such  an 

I^^^Ertigation,  the  Bothamsted  soils,  which  had  been  subject  to 

*^Own  conditions  as  to  manuring  and  cropping  for  many  years, 

J^tild  be  found  to  be  very  valuable  material  for  such  an  inquiry. 

"^^^Oordingly,  Dr.  Bernard  Dyer  was  provided  with  a  series  of 

f^^^ples  taken  from  the   different   plots  of  our   experimental 

^^ley  field ;  and  in  1894  he  published  an  interesting  paper  on  the 

^^  tgect.     He  has  since  been  supplied  with  samples  from  the 

?^^FWent  plots,  taken  at  different  periods,  and  at  different  depths, 


i^ty 


^X&  the  field  which  is  now  growing  the  55th  crop  of  wheat  in 
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Buocesaion  on  the  same  land.  The  analyses  of  these  ooSUb 
substantially  completed,  and  it  is  anticipated  that  the  rei 
will  soon  be  published.  Without  going  into  any  detail,  it : 
be  said  that  within  the  reach  of  the  roots  of  our  crops  there 
remain  many  thousand  pounds  per  acre  of  each  of  the  tl 
most  important  constituents  of  crops — nitrogen,  phoepfa 
acid,  and  potash.  By  far  the  greater  part  of  these  exists  in 
soil  and  subsoil  in  a  condition  not  available  to  crops ;  b 
small  proportion  is  annually  liberated  by  the  aid  of  til 
operations  and  atmospheric  action,  and  the  degree  in  which 
description  of  soil  compared  with  another  is  capable  of  yielc 
up  the  required  constituents  to  crops,  is  to  a  great  eztei 
measure  of  its  relative  fertility. 

So  far  we  have  referred  to  a  class  of  soils  of  which  ther 
evidence  that  they  have  yielded  remunerative  crops  firom  t 
own  resources  for  a  long  period  of  time.  It  is  not  tc 
assumed  that  the  cultivators  of  such  soils  at  the  present  t 
do  not  in  a  greater  or  less  degree  have  recourse  to  fert; 
brought  from  without  in  the  form  of  cattle  foods  or  mani 
There  is,  however,  a  large  class  of  soils  which  are  in  themse 
so  deficient  in  the  constituents  essential  for  the  growth  o£  ( 
crops,  that  they  cannot  be  profitably  cultivated  without  a  £ 
import  of  fertility.  It  is  the  large  body  of  farmers  who  ci 
vate  land  of  this  description,  and  also  those  who,  the 
cultivating  a  better  class  of  soils,  grow  upon  them  much  la 
crops  than  the  natural  resources  of  the  soil  are  competen 
yield,  who  are  anxious  to  have  provided  for  them,  simple 
inexpensive  means,  by  which  their  share  in  the  soil  capital 
be  secured  to  them. 

In    our    paper — "  On     the    Valuation    of    Unexhau 
Manures" — published  in  this  Journal  in  1885,  we  illustr 
the  application  of  the  valuations  by  reference  to  the  case 
&rm  cultivated  under  a  four-course  rotation  with  the  sal 
only  grain  and  meat.     Even  with  these  limitations  the  sal 
was  found  to  be  not  without  its  difficulties.     If,  however, 
recommendations    proposed    by    the    Royal  Commisdon 
embodied  in  a  new  Act,  and  under  it  the  farmer  may  grow 
sell  what  he  pleases,  and  receive  compensation  for  the  conaa 
tion    of   home-grown    produce    which    he    might    other 
sell,     it    is    obvious    that    the    questions    arising     will 
more  complicated,  and  that  the  difficulties  of  the  vainer 
be  considerably  increased.     In  the  hope   that  it  may  p 
of  some  assistance  to  those  who  may  be  called  upon  to  de^ 
as  between  the   owner    and  the  occupier  of   land,  cob 
•cated  questions  of  underground  values,  we  propose  to  give  8 
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illnstrationsor  accamalation,  and  of  exhaustion,  from  the  results 
of  onr  experiments  on  the  application  of  various  manures  to 
different  crops. 

Illustrations  of  Accumulation  and  of  Exhaustion 

OF  Fertility. 

In   1856  experiments  were  commenced  on  a  piece  of  old 

permanent  grass-land,  being  a  portion  of  the  Park  at  Botham- 

sted,  with  a  great  variety  of  manures.     One  plot  (3)  has  been 

continuously  unmanured  for  more  than  forty  years  ;  first  crops 

only  being  removed  over  the  first  twenty  years,  but  first  and 

second  crops  (if  any)  over  the  second  twenty  years.     Another 

plot  (2)  received  fourteen  tons  of  farmyard  manure  per  acre 

annually  for  eight  years  in  succession,  and  it  has  since  been 

lefb  unmanured.     As  to  mowing  and  removal  of  the  crops,  it 

w^as  treated  in  the  same  way  as  the  permanently  unmanured 

plot.    The  following  Table  gives  the  average  annual  produce  of 

liay  per  acre  on  each  of  the  two  plots,  over  the  eight  years  in 

^Mch  plot  2  received  farmyard  manure,  over  the  next  twelve 

years,  and  over  the  succeeding  twenty  years. 

Ta3LE  I. — Experiments  with  Farmyard  Manure  on  Permanent 

Grass-land. 
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cwt. 
13t 


^  It  will  be  seen  that  over  the  eight  years  of  the  application 
^  '^he  manure,  the  dunged  plot  gave  an  average  of  \9\  cwt.  of 
.y^  per  acre  per  annum  more  than  the  unmanured  plot.     Over 

?1^  next  twelve  years,  without  any  further  manure,  the  residue 
the  dung  gave  an  average  of  13^  cwt.  more  than  the  per- 
^^^ntly  unmanured  plot.  Lastly,  over  the  succeeding  twenty 
1^^  the  dung-residue  gave  an  average  of  4  cwt.  per  annum 
^^^  than  the  unmanured  plot ;  and  it  may  be  added  that  in  only 
j^^  year  of  the  twenty,  in  1893,  a  year  of  drought,  did  it  give 
^^  produce  than  the  unmanured  plot.  It  is  true  that  the 
«PpUc8tion  of  14  tons  of  farmyard  manure  per  acre  per  annum 

^  eight  years  in  succession  is  an  unusually  heavy  dressing ; 
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bat  it  is  of  interest  to  know  that  the  residue  was  very  mated 
effective  for  some  years,  and  that  it  was  more  or  less  so  for  thi 
two  years  alter  the  application.  In  fact,  the  details  show  t 
over  the  first  six  years  after  the  cessation  of  the  applioat 
there  was  as  much  average  annual  increase  of  produce  over 
unmanured,  as  over  the  eight  years  of  the  annual  applioat 
From  that  time,  however,  it  declined  considerably. 

Another  illustration  of  the  effect  of  the  accumulated  ferfa' 
dae  to  a  large  application  of  farmyard  manure  is  afforded 
our  experiments  on  the  continuous  growth  of  barley, 
twenty  years,  from  1852-1871,  14  tons  of  farmyard  man 
were  annually  applied  to  one  plot  (7).  The  application 
then  discontinued  on  one  half  (7-1),  but  continued  on  the  ot 
half  (7-2),  and  the  experiment  has  now  been  so  continued 
twenty-five  years,  to  1896  inclusive.  The  following  Table  si 
marises  the  results  ;  and  it  also  gives  for  comparison  the  ] 
duce  without  manure,  and  that  by  a  mixed  mineral  man 
containing  superphosphate  and  salts  of  potash,  soda  and  m 
nesia,  but  no  nitrogen.  The  results  are  those  of  the  dressed  gn 

Table  II. — Experiments  with  Farmyard  Manure  on  Barley, 
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It  is  seen  that  over  the  first  twenty  years  after  the 
of  the  application  on  plot  7-1 ,  it  yielded  an  average  of  I 
bushels  of  barley  per  acre  per  annum,  which  was,  howv 
18^  bushels  less  than  on  plot  7-2  with  the  continued  appl 
tion;  but  it  was  17  bushels  more  than  on  the  permanei 
unmanured  plot,  and  13  bushels  more  than  on  the  plot  wit 
full  mineral  manure  without  nitrogen.  Over  the  next  five  yi 
the  deficiency  compared  with  the  produce  where  the  applicNil 
was  continued  was  26^  bushels  per  acre  per  annum ;  bat  tli 
was  still  12|  bushels  more  than  on  the  unmanured  plot,  md 
more  than  on  the  plot  with  the  fall  mineral  manure.    ' 
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the  effect  of  the  residue  on  plot  7-1  over  the  twenty-five 

since  the  application,  the  result  was  a  deficiency  of  20^ 

bushels  per  acre  per  annum  compared  with  plot  7-2  with  the 

cd^ntinaed  application ;  but  an  excess  of  16^  bushels  over  the 

permanently  unmanured  plot,  and  of  12^  bushels  over  the 

Tpxirely  mineral  manured  plot.    In  reference  to  these  comparisons 

xt«  is  to  be  borne  in  mind,  as  shown  in  the  Table,  that  both  the 

la.xinianared  produce  and  that  by  mineral  manure  have  gone 

down  considerably  firom  period  to  period,  so  that  the  increase 

^iven  as  due  to  the  residue  on  7-1  is  over  a  reduced  produce 

'vrithoat  manure  and  by  mineral  manure. 

Lastly  in  regard  to  the  reduction  of  produce  after  the  cessa- 
tion of  the  annual  application  of  farmyard  manure,  although 
t^lie  effect  of  the  residue  was  very  marked,  it  somewhat  rapidly 
declined,  notwithstanding  that  there  was  still  a  very  considerable 
Aocumnlation  within  the  soil,  of  nitrogen  as  well  as  of  other 
constituents.  How,  then,  is  so  large  a  reduction  of  produce  to 
accounted  for  ?  The  nitrogen  of  farmyard  manure  exists  in 
different  conditions.  That  due  to  the  urine  of  the  animals 
'^^l  be  the  most  rapidly  available;  that  in  the  finely  comminuted 
*^^^at;ter  in  the  solid  excrements  will  be  much  more  slowly  avail- 
^>le ;  and  that  in  the  litter  will  be  still  more  slowly  available. 
Hence  the  small  proportion  that  is  at  once  effective,  and  the 
^^^  large  amount  that  accumulates  within  the  soil  in  a  very 
^o^^ly  available  condition.  But  the  evidence  at  command  leads 
£^  the  conclusion  that  neither  in  the  wheat-field  nor  in  the 
JJ^ley-field  does  the  accumulation  within  the  soil  account  for 
r*^^  ^hole  of  the  nitrogen  supplied  which  has  not  been  recovered 
^  the  increase  of  crop.  Some  is  doubtless  lost  as  nitrates  by 
5^^^iiage ;  and,  in  the  presence  of  so  much  organic  matter,  some 
J^  ^o  doubt  lost  by  evolution  as  free  nitrogen.  The  fact  of  such 
fP^Bes  is  of  considerable  interest,  but  it  is  some  consolation  to 
^^lieve  that  the  loss,  both  by  drainage  as  nitrates,  and  by 
^^^Intion  as  free  nitiogen,  will  be  proportionallv  much  less  in 
^^^ary  farm  practice,  where  the  amounts  of  famyard  manure 
are  much  less,  and  where  various  crops,  with  different 
-ranges,  and  different  periods  of  accumulation,  are  grown. 

^      In  the  same   experimental  barley-field,  experiments  have 

w??  l>c©n  made  with  another  organic  manure,  namely,  rape-cake, 

^ich  was  applied  at  the  rate  of  2,000  lb.  per  acre  per  annum 

'^e^  the  first  six  years,  1852-57  inclusive,  and  of  1,000  lb.  per 
^^^^  each  year  since  ;  corresponding  in  all  to  about  20^  tons  per 
^^e  over  the  forty  years,  1852-91.  In  each  year  there  were  four 
^Pe-cake  plots  :  No.  1  with  rape-cake  alone ;  No.  2  with  rape- 
^^^Q  and  superphosphate ;  No.  3  with  rape-cake  «nd  ^kXYa  0*1 
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potash,  soda,  and  magnesia ;  and  No.  4  with  rape-cake,  ac 
both  superphosphate  and  the  salts  of  'potash,  soda,  ac 
:nagnesia.  The  Table  (III.)  shows  the  amounts  of  dressed 
yielded  per  acre  per  annum,  over  the  first  20,  the  second  20, 
the  40  years,  on  each  of  these  four  plots ;  and  also,  for  oompariso: 
the  produce  on  each  of  four  plots,  respectively  with  nitrate  • 
soda  alone,  and  with  the  nitrate  and  the  same  mineral  manor* 
as  in  the  case  of  the  rape-cake  plots.^ 

Table  III. — Experiments  with  Rape-cake  on  Barley, 
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The  Table  shows  that  when  the  rape-cake  and  nitrate 
soda  were  respectively  used  alone,  the  rape-cake,  which  i 
contains  some  phosphate  and  potaeh,  yielded  an  average  oi 
the  forty  years  of  41;^  bushels  of  grain,  against  only  32|  bush< 
with  the  nitrate.  When  each  of  the  two  manures  was 
with  superphosphate  in  addition,  the  rape-cake  plot  yielded  ^ 
average  of  43|  bushels,  against  45f  on  the  nitrate  plot.  Wh-j 
salts  of  potash,  soda,  and  magnesia  were  applied  with  both  t^ 
rape-cake  and  the  nitrate,  the  rape-cake  plot  gave  39^  bush^ 
against  only  33^  on  the  nitrate  plot.  Lastly,  when  both  sup^ 
phosphate  and  salts  of  potash,  soda,  and  magnesia  were  nse^ 
the  rape-cake  gave  an  average  of  43^  bushels,  against  45^^  ^ 
the  nitrate  plot.  These  results  show  that  the  addition 
phosphate  to  the  two  nitrogenous  manures  increased  their  pr^ 
duce  much  more  than  did  the  salts  of  potash,  soda,  and  magnesS 

Comparing  the  produce  over  the  second  twenty  years  wi^ 
that  of  tiie  first  in  each  case,  it  is  seen  that  with  both  manur^ 
there  was  very  considerable  reduction  of  produce  over  tB 
second  period  compared  with  the  first,  and  the  difierence  w 

^  First  16  years  of  the  40,  the  *'  nitrate "  plots  received  ammoniom-ta-^ 
instead  of  nitrate.    First  6  years,  400  lb.  ammonium-salts  against  2,000 
rape-cake ;  next  10  years,  200  lb.  ammoniam- salts  against  1,000  lb.  rapu  nl^ 
last  24  years,  275  lb.  nitrate  of  soda  (equal  in  nitrogen  to  200  lb.  ammonia.^ 
salts)  against  1,000  lb.  rape-cake. 
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substantially  the  same,  whether  rape-cake  or  nitrate  (or  its 
equivalent  of  ammonia)  was  used  as  the  nitrogenous  manure. 
^FHe  reduction  was,  in  fact,  in  both  caees  mainly  due  to  lees 
^^Avourable  seasons. 

The  rape-cake  contained  rather  more  nitrogen  than  the 
zxitrate,  but  in  a  less  rapidly  available  condition ;  and  the  fact 
,  notwithstanding  analyses  showed  a  considerable  residue 
nitrogen  from  the  rape-cake  within  the  soil,  and  also  some 
phosphoric  acid  and  potash,  there  should  still  be  practically 
I  much  reduction  of  produce  over  the  second  twenty  years  as 
ith  the  nitrate,  is  evidence  that  the  residue  left  from  the  rape- 
became  very  slowly  available. 
It  may  be  added,  however,  that  both  the  proportion  of  grain 
straw,  and  the  weight  per  bushel  of  the  grain,  were,  under 
^h  of  the  four  conditions  as  to  mineral  manure,  considerably 
higher  in  the  produce  by  the  rape-cake  than  in  that  by  the 
^^itrate.  In  regard  to  the  little  evidence  of  beneficial  action  of 
"tlie  nitrogenous  and  mineral  residue  proved  to  have  been 
^<X^umulated  within  the  soil  where  the  rape-cake  was  used,  it  is 
X>xx>bable  that  in  somewhat  heavy  soils  generally,  as  in  the  case 
of  that  at  Rothamsted,  the  residue  irom  rape-cake  will  become  less 
^^^pidly  available  than  it  would  in  lighter  and  more  porous  soils. 

The  next  Table  affords  a  very  remarkable  illustration  of  the 
^^fect  of  accumulation  due  to  long  continued  application  of  farm- 
ysi^d  or  stable  manure.  On  a  portion  of  ground  at  Rothamsted 
'^hich  had  been  under  ordinary  kitchen  garden  cultivation  for 
Probably  two  or  three  centuries,  involving  the  application  of 
^^^uent  and  large  amounts  of  farmyard  or  stable  dung,  red 
^lover  was  sown  in  1854,  and  has  yielded  large  crops  for  more 
^***«^ti  forty  years.  The  following  is  a  summary  of  the  estimated 
?^^xtige  annual  produce  of  clover  hay  per  acre,  and  of  nitrogen 
^*^  it,  over  each  ten  yearly  period  of  the  forty  years. 

^-ABLB  IV. — Experiments  with  Red  Clover  on  rich  Garden  Soil. 


10  years,  1854-63 
„  1864-73 


Clover  hoy  ,  Nitro^n  per  acre  per 

per  acre  per  annum    !  annum  (estimated) 


tt 

tt 


1874-83 
1884-93 


40   „   1864-93 


cwt. 
96i 
49^ 


lb. 

257 

133 


45^      !      122 
46§      I      125 


69J      !      159 


It  is  seen  that  there  was  an  average  produce  per  acre  per 
um  as  dover  hay,  of  95^  cwt.  over  the  first  ten  years,  of  49f 
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cwt.  over  the  second,  of  45^  cwt.  over  ihe  third,  of  46^ 
the  fourth,  and  of  59  J  cwt.  over  the  forty  years.  N 
the  amounts  over  the  later  periods  correspond  to  wh 
be  considered  fair,  though  not  large,  crops  when  clovei 
in  an  ordinary  course  of  rotation  only  once  in  four 
years  or  more ;  so  that  the  produce  over  the  first  ten 
this  rich  garden  soil  was  very  unusually  heavy.  In 
average  annual  produce  over  the  whole  period  of  foi 
namely,  59J  cwt.,  or  nearly  3  tons  of  hay,  would  h 
good  yield  for  the  crop  grown  only  occasionally  in  the 
course  of  agriculture. 

But  it  is  when  we  look  at  the  figures  in  the  last  c 
the  Table,  which  show  the  estimated  amounts  of  nitrog 
crops,  and  compare  these  with  those  obtained  on  ordint 
land,  that  the  importance  and  significance  of  the  re 
recognised.  Thus,  the  amount  of  nitrogen  in  fair 
wheat,  barley,  or  oats,  will  be  from  40  to  50  lb.  pei 
beans  about  100  lb.,  of  meadow  hay  about  50  lb.,  and 
grown  occasionally  in  rotation  from  100  to  150  lb.  1 
on  rich  garden  soil,  the  produce  of  clover  has,  in  one  ] 
tained  more  than  400  lb.  of  nitrogen,  in  three  years  n 
300  lb.,  in  several  more  than  200  lb.,  and  in  only  tl 
the  forty  years  less  than  100  lb. ;  whilst,  as  the  Table  e 
estimated  average  annual  yield  of  nitrogen  in  the  abo^ 
growth  was,  over  the  first  ten  years  257  lb.,  over  tt 
133  lb.,  over  the  third  122  lb.,  over  the  last  ten  yean 
and  over  the  whole  period  of  forty  years  159  lb.  Pui 
averages  over  the  second,  third,  and  fourth  ten  yearly  ] 
the  continuous  growth  of  red  clover  were  about  as  m 
fair,  but  not  a  large,  crop  grown  occasionally  under  the 
conditions  of  agriculture ;  whilst  the  average  of  the  fort 
as  much  as  in  a  really  good  crop  grown  occasionally  in 

In  reference  to  the  above  extraordinary  amoun 
clover  grown  for  forty  years  in  succession  on  rich  ga 
and  of  the  large  amounts  of  nitrogen  in  it,  it  may 
that,  in  1857,  after  the  removal  of  the  crops  of  the  foi 
of  the  experiments,  the  surface  soil,  nine  inches  deep,  \ 
to  contain  nearly  four  times  as  much  nitrogen  as  the  e 
the  Bothamsted  arable  soils  to  the  same  depth,  and  n 
times  as  much  as  the  exhausted  arable  land  where  r 
had  failed.  The  garden  soil  would  also  be  correspond: 
in  all  other  constituents.  Samples  of  both  the  first 
second  nine  inches  of  soil  were  taken  in  1879,  and  in  ] 
to  the  surface  soil,  the  results  show  a  very  consideral 
ti<m  in  the  stock  of  nitrogen  in  it  from  period  to  pe 
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a^te  of  reduction  being  much  greater  over  the  twenty-one  years 

f*  crop  from  1857  to  1879,  than  over  the  seventeen  years  from 

879  to    1896.     That  is   to  say,  coincidently  with   the   very 

aj-ked  decline  in  the  clover  growing  capability  of  the  soil, 

was  a  great  reduction  in  the  stock  of  nitrogen  in  the 

face  soil.     Further,  with  the  reduction  in  the  stock  of  nitrogen 

the  soil,  there  was  not  only  a  reduced  amount  of  produce,  but 

redaced  persistence  of  the  plant,  much  more  frequent  sowings 

ing  required. 

It  may  be  added,  that  the  loss  of  nitrogen  by  the  surface 
l1  was  estimated  to  be  more  than  one-third  of  the  total  amount 
ti  contained  at  the  commencement ;  but  the  reduction  was  not 
i  uflScient  to  account  for  the  whole  of  the  nitrogen  removed  in 
crops.  The  evidence  points  to  the  conclusion,  however,  that 
resources  of  the  subsoil,  which  was  found  to  be  very  much 
richer  than  the  corresponding  depth  of  the  Rothamsted  ordinary 
ci>x*able  soils,  also  contributed  a  share  to  the  result. 

But  when  excessive  amounts  of  farmyard  manure  are  em- 
I>loyed,  there  may  be  more  or  less  loss  by  the  evolution  of  free 
'  trogen  ;  and  so  far  as  this  may  have  occurred,  there  will  be  the 
as  of  the  ascertained  loss  of  the  soil  to  be  credited  to  assimila- 
by  the  growing  crop.  On  the  other  hand,  as  nodules  are 
y^und  on  the  roots  of  the  clover  growing  on  the  garden  soil,  it 
to  be  concluded  that  some  of  the  nitrogen  of  the  crops  was 
rived  by  fixation  of  free  nitrogen  under  the  influence  of  the 
^^^icrobe  action  within  the  nodules.  Nevertheless,  there  can  be 
^Q  doubt,  that  the  large  amounts  of  clover  grown,  and  of  nitrogen 
t^^^^en  up,  were  mainly  due  to  the  very  great  accumulations  of 
•J^tiility  from  the  applications  of  unusually  large  amounts  of 
*^*laQyard  manure  over  a  long  period  of  time. 
^  ^  The  instances  which  have  so  far  been  given  of  the  accumu- 
lation of  fertility  within  the  soil  from  the  application  of  farm- 
manure,  obviously  relate  to  cases  of  accumulation  far  in 
of  those  which  take  place  when  such  manure  is  applied 
^  ^^he  much  smaller  quantities  usual  in  ordinary  agriculture. 
^^ill  the  illustrations  are  not  without  interest  and  significance, 
^^4  are  worthy  of  the  attentive  consideration  of  those  who  are 
^^*led  upon  to  estimate  underground  values. 

We  will  now  direct  attention  to  some  instances  showing  the 
^unts,  and  the  limits,  of  the  productive  efiects  of  the  residue 
TT^^n  crops  are  grown  by  the  use  of  a  full  mineral  manure  with 
^^^  addition  of  moderate,  and  of  excessive,  amounts  of  nitro- 
^^lous  manure  in  the  form  of  ammonium-salts.     For  thirteen 
,  from  1852  to  1864  inclusive,  wheat  was  grown  on  four 


16        The  Boyai  Oommission  on  Agricultural  DepresBwn  and 


plots  in  the  experimental  wheat-field,  each  of  which  recei 
the   same  mixed   mineral    manure,   containing  potash,   8 
magnesia,  and  superphosphate;  on  one  (5)  with  the  mine 
manure  alone ;  on  another  (7)  with  the  addition  of  400  lb. 
ammonium-salts ;  on  the  third  (8)  with  600  lb. ;  and  on 
fourth  (16)  with  800  lb.  of  ammonium-salt^s,  in  addition  to 
mineral  manure.     At  the  expiration  of  the  thirteen  years,  he 


DiW- 


ever,  the  application  was  entirely  stopped  on  Plot  16  with  —  the 
very  excessive  amount  of  ammonium-salts,  and  it  was  then  ^Cleft 
unmanured  for  nineteen  years ;  whilst  the  same  applications  -^  as 
before  were  continued  on  the  other  3  plots.  The  follow,  ^^^ing 
Table  summarises  the  quantities  of  dressed  grain  yielded. 

Table  V. — Experiments  on  Wheat,  tvith  Artificial  Manures,     — 


Mixed  mineral  manure 


alone 


nnd  ammo-  and  ammo- 
nium-salts .  nium-saltfl 


13  years,  1852-64 
19    „       1865-83 


»» 


Plots 

busbds 
18# 
13l 


=86  lb. 
nitrogen 


Plot  7 

bushels 
37i 
29} 


=  129  lb. 
nitrogen 


and  ammo- 
nlum-salts 
=  172  lb. 
nitrogen 
13  yeans 
1852-64. 

Un- 
manured 
19  years, 
1865-83 


Plots 


bushels 
39 
34| 


Plot  16 


bushels 
39i 
141 


Plot  16 


more 

or  less 

than 

Plots 


more 

or  leas 

than 

Plot  7 


Before  referring  to  the  figures,   it  may  be  stated  that     ^^ 
1863,  which  was  the  year  of  the  highest  yield  of  wheat  duri^^ 
the  whole  course  of  our  experiments,  the  three  plots  (7,  8,  •^^^ 
16)  receiving  the  different  amounts  of  ammonium-salts,  yid^^P 
respectively,  53f ,  55|,  and  55  J  bushels  of  wheat ;  whilst  in  18^^ 
which  was  also  a  very  favourable  year  for  wheat,  they  yieU-^ 
45|,  49|,  and  5^  bushels.     That  is,  the  plot  receiving  t>^^^ 
highest  amount  of  ammonium-salts  yielded,  even  in  the  in^^^L 
favourable  seasons,  scarcely  any  more  than  Plot  8  with  200  ^^^ 
less  annually  applied.     Then,  as  the  Table  shows,  the  avera 
yield  over  the  thirteen  years  of  the  application  of  the  very  c^ 
cessive  amount  of  ammonium-salts  to  Plot  16  was  only  half^ 
bushel  more  than  on  Plot  8  with  200  lb.  less;  and  only 
bushels  less  than  on  Plot  7  with  400  lb.  less  annually  applu 
Under  these  circumstances,  it  was  decided  to  stop  the  applu 
tion  altogether  on  Plot  16  with  the  highest  amount  of  ammoniai 
salts,  and  to  take  a  series  of  crops  without  any  manure,  to 
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lie  productive  effects  of  any  residue  that  there  might  be,  and  the 
speriment  was  so  continued  for  nineteen  years. 

Details  not  given  in  the  Table  show,  that  in  the  first  year 
fter  the  cessation  of  the  application  of  ammonium-salts  to  Plot 
6,  it  yielded  32f  bushels  of  wheat,  against  43f  on  Plot  8,  and 
fO^  on  Plot  7,  where  the  respective  amounts  of  ammonium-salts 
fete  still  applied.  After  that,  however,  there  was  a  very  marked 
ledine  on  Plot  16,  giving,  as  the  table  shows,  an  average 
KTbdace  of  only  14f  bushels  over  the  19  years  without  manure, 
gainst  an  average  of  39^  bushels  over  the  preceding  13  years 
f  the  annual  application  of  the  manure.  It  is  further  seen  that 
rver  the  19  years  the  residue  gave  an  average  of  only  1^  bushel 
Dore  than  Plot  5  with  the  mineral  manui*e  without  nitrogen 
the  produce  of  which  had  itself  declined  more  than  this  over 
•he  19  years) ;  whilst  it  gave  15^  bushels  less  than  Plot  7, 
nth  400  lb.  of  ammonium-salts  still  annually  applied,  and 
.92  bushels  less  than  Plot  8  with  the  continued  application  of 
too  lb.  of  ammonium-salts. 

There  is,  in  fact,  abundant  evidence  to  show,  that  there  is 
at  little  effective  manure  residue  after  the  growth  of  a  grain  crop 
Y  the  application  of  ammonium-salts ;  and  there  is  little  doubt 
lat  the  produce  of  1^  bushel  of  grain,  and  its  straw,  per  acre 
3r  annum  more  over  the  19  years  after  the  cessation  of  the 
3plication  of  ammonium-salts,  than  on  Plot  5  with  the  mineral 
aniire  alone  is,  so  far  as  it  is  to  be  attributed  to  residue,  mainly 
le  to  the  increased  crop  residue,  stubble  and  roots,  accumulated 
iring  the  13  years  of  the  application.  And  much  the  same 
ay  be  said  of  the  after  effects  when  grain  crops  have  been 
rown  by  the  aid  of  nitrate  of  soda. 

In  contrast  with  the  foregoing  results  showing  that  there  is 
■actically  little  or  no  effective  manure  residue  when  am- 
oniom-salts  have  been  applied  and  a  grain  crop  grown,  we  have 
>w  to  adduce  results  showing  the  persistent,  though  it  is  true 
xmparatively  slow,  effect  of  residues  of  phosphoric  acid,  and  of 
ytasb,  previously  applied.  The  results  given  in  the  next  Table 
7T.,  p.  18)  illustrate  the  point. 

The  two  plots,  10a  and  lOfe,  have  grown  wheat  from  1844 
p  to  the  present  time.  For  the  crop  of  1844  they  each 
)C6iyed  a  mineral  manure  containing  potash  and  super- 
hosphate.  In  each  of  the  next  seven  years,  to  1851  inclusive, 
Oa  received  ammonium-salts  alone.  During  the  same  seven 
ears  106  twice  received  mineral  manure  containing  potash, 
oda,  magnesia,  and  superphosphate,  and  five  times  ammonium- 
altB.     In  other  words,  during  the  first  eight  years  to  1861 

K5^ 
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inclusive,  10b  twice  received  potash  and  phosphoric  acid  w 
10a  did  not.     From  1852  up  to  the  present  time,  each  of 
two  plots  has  received  exactly  the  same  manure,  namely,  400 
of  ammonium-salts  per  acre  per  annum.     The  Table  diows 
average  produce  of  dressed  grain  per  acre  per  annum  on 
the  two  plots,  over  each  of  the  four  10-yearly  periods,  and  o 
the  40  years,  1852-91. 

Table  VI. — Experiments  on  Wheats  with  Artifictal  Manures 


10  years,  1862-61 
1862-71 
1872-81 
1882-91 


If 


i» 


»i 


40 


»» 


1852-91 


Ammoiiium-aaltB  alone s 86  lb.  nitrogen 
each  year  1852-91 


Previously — Mineral 

manure  once  (1844) ; 

ammonium-salts 

7  times 


Plot  10a 


bushels 
20J 
24^ 

lej 

18i 


20J 


Preriously— Mineral 
manure  3  times 

(1844,  '48,  and  '60)  ; 

Ammonium-salts 

5  times 


Plot  106 


bushels 

26} 
18| 
19f 


22} 


2f 


Ob, 


It  is  seen  that,  over  each  of  the  four  10-yearly  periods, 
which  had  previously  received  potash  and  phosphoric  add 
more  than  10a  during  the  eight  years  prior  to  the  commei:^^'^ 
ment  of  the  experiment,  gave  also  more  produce  of  grain  ti»*" 
10a ;  the  excess  diminishing,  however,  from  period  to  period.  -^ 
the  last  column  shows,  there  was  an  average  annual  excess  o*^^ 
the  first  ten  years  of  the  effect  of  the  residue  of  potash  ^^^ 
phosphoric  acid,  of  4f  bushels,  over  the  second  ten  years  ^J 
2^  bushels,  over  the  third  of  If  bushel,  and  over  the  fonrtb^  ^ 
only  I  bushel ;  or,  taking  the  average  of  the  forty  years, 
was  an  excess  on  10Z>,  with  the  greater  residue  of  potash 
phosphoric  acid  previously  applied,  of  2|  bushels  per  acre 
annum  more  than  on  10a.  It  happens  that  we  have  the  anal; 
of  the  ashes  of  the  crops  over  each  of  these  10-yearly  perL.  - 
and  the  results  show  that  over  each  there  was  more  of  b^>*^ 
potash  and  phosphoric  acid  in  the  crops  of  106  than  in 
of  10(7,  the  excess  diminishing  from  period  to  period.  Over 
forty  years,  however,  the  total  produce  per  acre  (grain  and 
of  10/>  contained  108  lb.  more  potash,  and  69*5  lb.  more  p 
phoric  acid,  than  that  of  10a. 

There  can  be  no  doubt,  therefore,  that  the  extra  potash 
phosphoric  acid  applied  on  1  Oh  prior  to  the  period  of  forty 
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to  which  the  resulte  in  the  Table  refer,  had  a  distinct  influence 
both  on  the  amounts  of  potash  and  phosphoric  acid  taken  up  in 
^be  crops,  and  with  this  on  the  amount  of  produce  over  the  suc- 
ceeding forty  years.    Further,  the  effect  of  the  residue  diminished 
from  period  to  period ;  whilst  calculations  show  that,  over  the 
liyrij  years,  much  less  than  the  total  excess  of  potash  and  phos- 
pHoric  acid  applied  on  lOb  had  been  taken  up.    The  evidence 
is,  therefore,  clear,  that  in  the  case  of  some  soils  the  at  first  un- 
r<eoovered  residue  of  both  potash  and  phosphoric  acid  becomes 
paitially  and  slowly  available  for  future  crops  for  many  years. 

So  far  as  potash  is  concerned,  the  results  next  to  be  quoted 
afford  striking  evidence  on  the  point.     During  the  eight  years 
preceding  the  period  of  forty  to  which  the  results  in  the  Table 
(VII  ,  p.  20)  relate,  the  four  plots,  Nos.  11,  12,  13,  and  14,  in 
*'t*e  experimental  wheat-field  were  manured  as  follows.     Each 
received   an    abundance   of   superphosphate,    representing   in 
roruad  numbers  *about  500  lb.  of  phosphoric  acid  over  the  eight 
Y^SLTa;    also  a  considerable  amount  of  ammonium-salts,  some 
^^^pe-cake,  and  two  of  them  a  little  guano.     No.  11,  however, 
received  neither  potash  (except  a  little  in  rape-cake),  soda,  nor 
^^^^^nesia;  No.  12,  587  lb.  of  potash,  and  some  soda  and  mag- 
nesia ;  No.  13,  737  lb.  of  potash,  and  a  little  magnesia ;  and 
^e.    14^  566  lb.  of  potash,  some   soda,  and   some   magnesia. 
^here  would,  therefore,  be  a  considerable  residue  of  phosphoric 
^d  on  each  of  the  four  Plots,  and  of  potash  on  Plots  12,13,  and 
*-^-     With  the  plots  in  this  condition  as  to  residue  of  phos- 
Pboiic  acid  and  potash  from  previous  applications,  they  were 
^^Unred  in  each  of  the  succeeding  forty  years,  fropa   1852  to 
1891  inclusive,  as  follows.     Each  received  the  same  amount  of 
^perphosphate,  and  the  same  amount  of  ammonium-salts,  every 
^^^.      Plot  11   received  neither   potash,  soda,  nor  magnesia, 
^^t  12  received  sulphate  of  soda,  Plot  13  sulphate  of  potash,  and 
"lot  14  sulphate  of  magnesia,  in  addition,  every  year. 

The  Table  (VII.)  shows  the  average  annual  produce  of  grain, 
^^  Qach  of  the  four  plots,  over  each  of  the  four  ten  yearly  periods, 
*j^  over  the  forty  years ;  also  the  average  annual  produce  of 
^*^W  over  the  forty  years. 

x|^  Ijooking  to  the  right-hand  division  of  the  table,  it  is  seen 
^^^,  over  the  forty  years.  Plot  12,  with  a  considerable  residue 
.  Potash  from  previous  years,  gave  an  increase  over  Plot  11 
^^hout  any  potash  supply,  of  5f  bushels  of  grain,  and  5^  cwt. 
^taraw,  per  acre  per  annum ;  and  Plot  14,  also  with  a  large 
^^i^ue  of  potash,  gave  an  average  annual  increase  over  Plot  1 1 , 
^  6^  bushels  of  grain,  and  6§  cwt.  of  straw.  Plot  13,  however, 
^^*H  both  residue  and  direct  supply  of  potash,  gave  an  increase 
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over  Plot  1 1,  of  6f  bushels  of  grain,  and  8  cwt.  of  straw,  per  t 
per  annum.  It  should  be  added  that  the  crops  on  Plot  11,^ 
the  great  deficiency  of  potash,  showed  more  and  more  an 
healthy  condition,  especially  in  unfavourable  seasons ;  and 
grain  gave,  over  each  period,  a  lower  weight  per  bushel  thai 
either  Plots  12  or  14,  and  lower  still  than  on  Plot  13,  wl 
over  each  period  gave  the  highest  weight. 

Tablb  VII. — BxperimerUs  on  Wheati  with  Artificial  Manttrs 


Ainmonium-8alt8=86  lb.  nitrogen, 
and  superphosphate 


with  residue  of  potash 


alone 


Plot  11 


and  sul-.  and  snl- 
pliktc  ipliateof 
of  soda  \  potash 


Plot  12 


Plot  13 


More  than  Plot  11  without  p 


with 

andsul-      J^?°\ 
phateof  '  of  potash 

magnesia   . 
Plot  14     '    Plot  12 


with 

roddoe, 

and  direct 

supply,  of 

potash 

Plot  18 


wt 
ofpo 

FM 


DRESSED  GRAIN. 


.  bushels  bushels  bushels      bushels 


10  years,  1852-61  28| 

1862-71  27f 

1872-81 '  21j 

1882-91  22i 


33| 
34] 
25 
30 


32j 
34 
26 
32J 


33J 
34| 
26^ 
31* 


40 


ft 


1852-91,    25*       30}       31}         31f 


bushels   I    bushels 


6 

n 


H 


H 


boa: 
6^ 

4: 


STRAW. 


40  years,  1852-91 


cwt. 
23} 


cwt. 

2^ 


31} 


cwt. 
304 


6- 


That  the  resnlt,  both  as  to  quantity  and  quality  of  prodi 
was  directly  connected  with  the  amount  of  potash  availi 
within  the  soil,  and  not  with  that  of  the  soda  on  Plot  12,  on 
the  magnesia  on  Plot  14,  is  evident  from  the  following  £bi 
The  amount  of  soda  in  the  forty  years'  crops  (grain  and  str 
was  considerably  less  in  those  of  Plot  12  with  soda  annni 
supplied,  than  in  those  of  Plot  1 1  with  none  supplied ;  and 
amount  of  magnesia  in  the  crops  of  Plot  14  with  magnesia  s 
plied,  was  only  55  lb.  more  over  the  forty  years  than  in  thoai 
Plot  11  with  none  supplied — the  excess  approximately  ocn 
spending  to  the  increase  of  crop.  On  the  other  luuid, 
amounts  of  potash  found  in  the  crops  of  the  forty  yean,  w 
466  lb.  more  on  Plot  12,  and  538  lb.  more  on  Plot  14,  e: 
with  residue  of  potash,  than  on  Plot  1 1  without  either  residiie 
direct  supply  of  potash  ;  whilst  the  crops  of  Plot  13,  with  b" 
residue  and  direct  supply  of  potash,  and  the  best  oonditioD 
the  crops,  contained  1,065  lb.  more  potash  than  those  of  FhA 
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Inasmuch,  however,  as  the  Rothamsted  soil  and  subsoil  con- 
an  enormous  quantity  of  potash,  of  which  a  certain  amount 
cumually  liberated  in  an  available  condition,  and  the  quantity 
of  this  is  influenced  in  some,  but  an  unknown  degree,  by  the 
aotdon  of  the  other  saline  matters  supplied  in  the  manures,  it 
uroTdd  be  unsafe  to  say  that  exactly  the  amount  of  the  excess 
t&ken  up  on  Plots  12  and  14,  compared  with  Plot  11,  was  attri- 
boL^table  to  residue,  and  none  at  all  to  natural  soil  resources. 

It  may  be  considered  established,  that  when  phosphates 
l)ota8h  are  applied  to  such  a  soil,  little  if  any  phosphoric 
A^  and  not  much  potash,  will  be  lost  by  drainage,  and  that 
»  residue  left  after  the  growth  of  a  crop  will  in  great  part 
x^evxiain;  and  although  in  a  less  rapidly  available  condition 
"^'^^^Mi  a  fresh  supply  would  be,  some  of  it  will  become  gradually 
a.'v^ailable  to  succeeding  crops,  and  so  at  any  rate  serve  to 
I>irevent  exhaustion.  Its  value  will,  however,  obviously  be 
ixiTiGh  less  than  that  of  an  equal  amount  freshly  applied. 

The  evidence  adduced  in  the  various  foregoing  illustrations 
shows,  that  very  large  crops  can  be  grown  by  means  of  artificial 
^^aiiures  containing  ammonium-salts  or  nitrate  of  soda,  with 
phosphoric  acid  and  potash,  without  organic  matter,  but  that  so 
tar  aa  the  nitrogen  of  the  manures  is  concerned,  and  especially 
^hen  such  manures  are  applied  for   grain  crops,  there  is  but 
^ttle  accumulation  in  the  soil  for  future  crops,  there  being  fre- 
^uently  very  considerable  loss  as  nitrates  by  drainage.     Then  as 
•^  the  phosphoric  acid  and  potash  of  artificial  manures,  they 
!*^  not  subject  to  material  loss  by  drainage,  as  is  the  nitrogen ; 
"^t  they  enter  into  more  or  less  fixed  combinations  within  the 
^^1»  irom  which  they  are  only  very  slowly  liberated  in  a  con- 
ation   of   solubility    available    for     growing    crops.     When, 
^jp^ever,  arops  are  grown  by  means  of  purchased  dung,  or  by 
^^^   consumption   of  cake,  com,  &c.,  by  stock,  there  will  be 
^^iinulative  fertility,"  for  which  there   would   be   claim   for 
^^pensation  ;  and  farmers,  who  know  that  when  land  Las  been 
^^Uly  exhausted  it  cannot  be  got  into  condition  again  under 
^^Tal  years,  and  that  when  it  is  in  good  condition  it  will  yield 
g^^^^  crops  for  several  years,  look  to  the  Legislature  to  protect 
^^ii-  interests. 

The  Valuation  of  Unexhausted  Manures. 

•  Our  last  paper  on  this  subject  was  published  in  this  Journal 
XI  1 885.  Since  that  time,  there  have  been  great  changes  in 
^^  Value  both  of  articles  used  as  food  for  stock,  and  of  the 
Oxia  constituents  upon  which  the  value  of  artificial  manures 
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depends.   Our  tables  have,  therefore,  now  lost  much  of  their  appl  ^ 
cabiliiy,  and  we  have  frequently  been  asked  to  adapt  them  to 
present  scale  of  prices ;  and,  as  questions  of  compensation 
sure  to  become  matters  of  importance  before  long,  we  are 
to  take  the  opportunity  of  reconsidering  our  valuations. 

The  first  Table,  now  numbered  VIII,  (p,  24),  which  give 
the  ^^Avercige  Composition,  per  Cent,  andper  Ton,  of  Cattle  Foods 
is  not  altered.  The  second  Table  (IX.,  pp.  28-29),  **  Shwoi 
the  Bata,  the  Method^  and  the  Results  of  the  Estimation  of 
Original  Manure^alue  of  Cattle  Foods  after  Conswmption^^ 
is,  however,  very  materially  altered  so  far  as  the  mon 
valuations  are  concerned.  These  are  now  reduced  by  abo 
one-third,  as  will  be  further  explained  presently.  The  thir^ 
Table  (X.,  p.  38)  is  altered  throughout,  in  accordance  wi 
the  altered  total  or  original  manure- value  as  given  in  the  seco: 
Table  (IX.) ;  and  the  table  on  p.  35,  which  gives  an  illustratiocr: 
of  the  application  of  the  valuations,  is  also  altered,  in  aooordani 
with  the  new  rates  of  value.  To  render  the  Tables  easily  inte 
ligible,  and  the  more  convenient  for  reference  and  use, 
description  and  discussion  of  them  as  given  in  our  previous  pap^p* 
is  now  substantially  reproduced,  but  with  such  alterations  (9» 
corrections  as  the  changes  in  them  indicate  to  be  necessary;' 
For  any  further  details,  we  must  refer  to  the  earlier  pape^"-* 
themselves,  published  in  this  Journal  in  1875,  and  in  188^^  ^ 
especially  the  latter. 


The  existence  of  xinexhausted  fertility ^  resulting  from 
consumption  of  cattle  foods,  depends  upon  the  fact  that  wh^S 
organic  matter,  animal  or  vegetable,  is  applied  to  the  soil  m^ 
manure,  its  complete  decay,  and  the  complete  liberation  of  i'  - 
fertilising  constituents,  extend  over  a  considerable  period  ^ 
time.  Poor  land  cannot  be  suddenly  brought  into  "  condilion  — 
by  the  consumption  on  the  farm  of  purchased  foods.  Nor 
"  condition  " — that  is,  accumulated  fertility — ^be  at  once  wii 
drawn  by  suddenly  stopping  the  use  of  the  foods. 

As  has  been  shown,  the  Rothamsted  field  experiments  afiEor^ 
numerous  illustratious  of  such  gradual  accumulation,  and  onfl^ 
gradual  exhaustion.  It  has  been  seen  that  it  may  take  a 
many  years  of  unmanured  cropping  to  exhaust  the  accumiilati< 
from  a  few  years'  application  of  dnn^,  and  to  bring  the  lai^ 
back  to  its  original  state.  Ever  when  rape  cake  is  applied  fi^ 
the  continuous  growth  of  com  crops,  a  considerable  unexhanst^^ 
residue  remains  in  the  soil.  The  fact  that  such  accumalatic:^ 
does  take  place  cannot  be  disputed.  But  whien  we  come 
consider— of  what  the  accumulation  consists,  what  is  its 
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and  what  its  money  value,  the  real  diflBculties  of  the  problem  to 
be  solved  become  apparent. 

Each  individual  food,  when  judiciously  used  in  conjunction 

^th  others,   contributes  more  or  less  to  the  increase  of  the 

animal  consuming  it ;  and  the  increase  will  carry  away  a  certain 

^monnt  of  the  constituents  of  the  food.     The  remainder,  which 

oonstitate  the  manure,   will,  in  the  first  place,  increase  the 

piodnoe  of  the  crops  to  which  it  is  applied ;  but  it  will  also 

loave  an  unexhausted  residue,  the  amount  and  the  money  value 

of  which  to  the  succeeding  tenant  we  have  to  endeavour  to 

determine. 

We  must,  then,  in  the  first  place,  form  an  estimate  of  the 

^tnount  of  increase  in  live  weight  of  animals  which  a  given 

Quantity  of  each   food   will   produce,   and   of  the   amount  of 

^^anQre  constituents  which  that  increase  will  take  from  the  food. 

-Next,  we  must  endeavour  to  estimate  the  increase  in  the  crops, 

^^d  the  amount  of  constituents  so  removed.     Lastly,  the  amount, 

^^d  the  value,  of  the  manure  residue  has  to  be  estimated.     This 

^o  have  done  in  the  case  of  a  number  of  the  foods,  the  composi- 

^<>ii,  the  original  manure  value,  and  the  unexhausted   manure 

^^lue  of  which  are  given  in  the  Tables  which  follo\^.     We  have 

^®o  decided  upon  a   scale   of  reduction   of  the  unexhausted 

'^^Hure  value  from  year  to  year,  and  in  this  way  arrived  at  an 

^^^mate  of  the  money  value  of  the  residue  accumulated  over  a 

P^iiod  of  eight  years.     Finally,  having  thus  come  to  a  conclu- 

^lon  g^  to  iJie  amount  of  what  may  be  called  the  compensation 

'^^Iv.e  of  the  accumulated  residue,  we  have  devised  a  simple 

^©thod  of  calculation,  starting  from  the  totals  or  original  manure 

^'^*e,  of  the  various  foods — that  is,  from  the  value  deducting 

*^®    cx>nstituents    in   the   increase   in   live   weight   only,   and 

''^^koning  the  remainder  at  the  prices  at  which  they  can  be 

P'^^itihaaed  in  artificial  manures. 

Average  Composition  of  Cattle  Foods, 

Table  VIII.,  p.  25,  shows  the  average  composition,  per  cent. 

^^^    per  ton,  of  thirty-six  difierent  foods,    so   far   as  this  is 

.^^easary  for  the  purpose  of  manure- value  calculations ;  that  is, 

^  .Sives  the  amounts  per  cmt  of  dry  matter,  nitrogen,  total 

^^eral   matter  (ash),  phosphoric   acid,  and  potash,   and  the 

^^^tint  per  ton  of  the  foods,  of  nitrogen,  phosphoric  acid,  and 

P^^^^Bh.     In   some   cases  the   figures  are  the  same  as  in  our 

^^Sinal  Table,  published  in  1861 ;  but,  for  the  purposes  of  our 

^^^^r — "On    the    Valuation    of     Unexhausted    Manures" — 

all     ^^®^  in  this  Journal  in  1885,  more  recent  analyses  were  in 

^      ^^ses  had  recourse  to,  and  alterations  were  made  if  it  seemed 

^^*^  *able.     For  the  present  paper  (1897),  the  figui^^  %j&  Yjc>  \5cl<^ 


Table  VIIT. — Average  Compoaiti<yn,  Per  Cent,  and  Per  Ton,  ■ 
Cattle  Foods. 
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lUie™) 
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gtu 

[Bill) 

add 

■aid 

urr«M 

„,„n, 

p„„„t 

percMt. 

perouit 

lb. 

lb. 

1 

1.  Linaeod      .        . 

9000 

3-60 

400 

1-54 

1-37 

80-64 

31-50 

2.  Linseed  cake     , 

wfrBO 

4-75 

G-50 

200 

1-40 

lOG-10 

44-80 

3.    ^^-i 

oattoa  cake      / 

OO'OO 

«-l!0 

7'00 

3'10 

200 

147-84 

69-44 

4_-^« 

t.  Polm-Dutcake   . 

Ol'OO 

2-60 

a-GO 

1-20 

0'60 

6600 

26-88 

1  :m,  -K 

oottoD  cake     J 

HTW 

.1-75 

GOO 

2-00 

2-00 

84-00 

«.» 

4-«=-80 

6.  CoecM-nat  cake . 

90'00 

3-40 

G-00 

140 

200 

7618 

31-36 

4'«  -80 

7.  Ra.p«  cake . 

8i>'00 
86'00 

4-90 
3-fiO 

7-50 
2-50 

2-50 
0-85 

1-fiO 
0% 

109-7S 
80-64 

5600 
IBO* 

a^-w 

8.  Peas  .         .        . 

BX  -*) 

9.  Beans 

8E'00 

4-00 

300 

MO 

1-30 

89-60 

24-64 

B^-1! 

10.  Lentils       . 

8800 

4-20 

4-00 

0'76 

0-70 

94-08 

16-80 

I^-« 

11.  Teres  (seed)       , 

84^ 

4-20 

2-iO 

O'BO 

0-80 

9406 

17-82 

l-3-« 

12.  Indian  com 

88'00 

1-70 

140 

OilO 

0-37 

3808 

13-44 

»-3a 

i;-t.  Wheat 

85-00 

1-70 

O-S'S 

0-63 

40-32 

lS-04 

I  !.-«' 

U.  Malt  .        . 

9400 

1-70 

3-50 

0-80 

060 

38-OB 

17-92 

ii-ao 

15.  Barlej 

8^00 

1-Ii5 

320 

0-75 

0-S5 

36-96 

16-80 

iSE-a! 

16.  Data  , 

8U00 

Z-00 

2-80 

080 

0'50 

44-80 

13-44 

ix-» 

17.  BiMmeol- 

llO-OO 

i-no 

7-EO 

(0-60) 

(0-37-) 

4266 

(1344; 

(»-S31 

18.  LoonBtbeuit'  . 

8500 

I '30 

2-50 

26-88 

19.  Halt  coombs      . 

OO'OO 

3-90 

800 

200 

8-00 

87-.16 

44-80 

**^ 

20.  Fine  pollard       . 

SG'OO 

2-45 

5-50 

2-90 

l-4« 

54-88 

64-96 

,55-TO 

21.  Coarse  pollard   . 

8liOO 

a-50 

6-40 

350 

1-50 

5600 

78  40 

»=*'^ 

22.  Br»n.        .        . 

8<i'00 

2-50 

ti-50 

3U0 

1-45 

66-00 

80-64 

SSB--** 

23.  Clover  hfty 

8300 

2-40 

700 

0T>7 

1-50 

63-76 

12-77 

i^'S 

24.  HeadowkBf      . 

8400 

1-fiO 

ti'fiO 

0-40 

l-(i0 

33-60 

a-9< 

s*^ 

2S.  Pea  etrav  . 

8250 

1-00 

C-60 

0'3E 

100 

22-40 

7-84 

2»-* 

2G.  Oat  straw  . 

83'00 

0-50 

EGO 

0'24 

100 

11-20 

5-38 

2»-:^ 

27.  Wheat  straw      . 

81 '00 

0-45 

500 

024 

0-80 

1008 

6-38 

i-y- ^ 

£8.  Bailey  straw 

8500 

040 

4-50 

0-18 

1-00 

8-96 

443 

!«-;* 
t^'^ 

29.  Bean  straw 

82-50 

0-30 

COO 

0-:M) 

100 

2010 

6-72 

W.  Potatoes    . 

2G00 

0'25 

100 

OIS 

0-56 

6G0 

3-36 

1^^ 

31.  Carrots      . 

14-00 

0-20 

0-90 

oon 

0'28 

4' 48 

2-02 

«'^ 

32.  PsMoips    .        . 

IfiOO 

022 

I'OO 

O'lll 

036 

4-93 

4-36 

«-*^ 

i-^, 

3:^,  Mangel  woneli . 

12-50 

0'22 

I'OO 

0fl7 

040 

493 

1-67 

a.  Swedish  turnips 

1100 

025 

oeo 

OOf! 

0  22 

560 

1-34 

36.  Vellow  tornipa ' 

900 

0-20 

OiiS 

(0-O.i) 

(0-22) 

4'48 

(1-34) 

'w-^' 

36.  White  tunilps   , 

8-00 

0-lH 

068 

0-06 

030 

4-03 

Its 

'  In  the  cB£e  of  neither  Rice  Went.  Locust  Beans,  nor  Ycl 
reoordaof  ash  analyses  Leea  found.  For  Rice  Meat  hi- same  p.  r  ■  i;..  ..!  c»* 
phorio  add  and  potBsh  as  Id  radian  Com,  and  tor  Vellow  TLiriiii-  !;■■  ■  ,■■  .  ^ 
Bwed*^  aM  provisionally  adopted ;  bat  in  all  the  Tables  the  awntned  rMolt^ 
given  in  paTeatheie-i.  Kor  Locast  Beans  do  flginre  has  baan  aMimsd,  nrK* 
OOlaoMUOMt  blank. 


Th6  Boydl  GcmmiaBion  on  AgricfuUwral  Depression.       25 

^^**Xip08ition  of  the  foods,  which  were  carefuUy  settled  in  1885, 
^     sow  again  adopted. 

Although  the  figures  given  in  the  Table  (VIII.,  p.  24)  may 
^    taken  as  fairly  indicating  the   average  composition  of  the 
ifierent  foods,  yet  it  must  be  understood  that  in  the  case  of 
Cklmost  every  one  of  the  articles  in  the  list,  individual  samples 
znay  vary  even  considerably  from  the  average.     In  the  case  of 
Coods  which  are  manufactured,  or  imported,  the  percentage  of 
diy  matter  is  usually  high.     In  the  case  of  those  which  may  be 
eltiier  imported  or  home-grown,  the  variations  in  the  percentage 
of  dry  matter  in  different  samples  may  be  comparatively  wide ; 
it^  being,  as  a  rule,  distinctly  higher  in  the  imported  articles, 
'W'liich  could  not  be  shipped  unless  in  a  drier  condition  than  is 
xisnal  with  the  home-grown  product.     In  such  cases,  therefore, 
tte  imported  food  will  probably  contain  a  higher,  or  the  home- 
grown one  a  lower,  percentage  of  dry  matter  than  the  average 
amount  given  in  the  Table.     Even  in  the  case  of  professedly 
ripened  products,  such  as  cereal  grains  and  leguminous  seeds, 
^e    character  of   the   season  will   materially  influence  their 
condition  of  dryness ;  and  the  same  remark  applies,  in  a  greater 
^r  less  degree,  to  such  products  as  hays  and  straws.     Succulent 
^«itter8,  again,  such  as  roots,  vary  very  considerably  according 
*^  season,  and  to  condition  of  maturity. 

So  far  as  individual  constituents  are  concerned,  very  similar 
^^servations  must  be  made  ;  and  especially  is  this  so  in  the  case 
^*  the  nitrogen.  Even  with  professedly  ripened  products  the 
P^r^centage  of  nitrogen  may  vary  considerably,  according  to  soil, 
'^^^nuring,  climate,  or  season,  &c.,  but  especially  according  to 
^^^Qon ;  and  this  is  the  case  in  a  less  degree  with  the  phosphoric 
*^^d,  and  the  potash,  of  such  articles.  But  in  the  case  of  im- 
perfectly ripened  products,  such  as  hay,  and  in  a  much  greater 
degree  in  that  of  still  less  evenly  matured  and  more  succulent 
^^^s,  such  as  roots,  the  percentage  of  nitrogen  may  vary  very 
^^^^^terially,  and  that  of  the  phosphoric  acid  and  potash  to  some 
^^t;«nt. 

Whilst,  therefore,  the  figures  given  in  the  Table  may  be 
*^«en  as  representing  the  fairly  average  composition  of  the 
^^^Kerent  foods,  they  must  be  adopted  or  modified  with  judg- 
^^nt,  having  regard  to  the  influence  of  the  conditions  of 
K^owth,  maturity,  preparation,  or  preservation,  to  which  they 
^^^e  been  subject.  Fortunately,  however,  unless  the  variation 
^^xn  the  standard  composition  adopted  in  the  Table  be  con- 
^^^rable — indeed,  more  than  is  usual — the  effect  on  the  estimates 
^*  manure  value  will  not  be  material ;  but  it  will  obviously  be 
JS^^ch  greater  in  the  case  of  the  nitrogen  than  in  that  of  either 
^e  phosphoric  acid  or  the  potash. 
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Cattle  Foods. 

Table  IX.  (pp.  28-29)  shows  the  method,  and  the 
of  the  calculation  of  the  total  or  original  manvre  value 
different  foods,  adopting  as  a  basis  their  composition  si 
in  Table  VIII. 

The  first  column  of  the  Table  (IX.)  shows  the  esl 
amounts  of  each  food  required  to  give  one  part  of  fai 
increase  in  live-weight  of  oxen  or  sheep ;  and  the  second  < 
shows  the  amounts  of  such  increase  that  would,  accordin 
yielded  by  the  consumption  of  one  ton  of  each  food, 
obvious  that  some  estimate  of  this  kind  must  be  made 
we  can  reckon  how  much  of  the  manure  constituents 
food  are  carried  off  by  the  animal-increase,  and  consec 
how  much  remain  for  manure.  These  columns  may,  h< 
be  very  seriously  misleading,  unless  their  real  mean 
understood.  Thus,  if  given  without  further  explanat 
might  be  concluded  that,  by  the  consumption  by  oxen  o 
of  one  ton  of  any  one  of  the  different  foods  used  alo: 
amount  of  fattening  increase  given  in  the  second  columi 
Table  would  be  produced.  In  other  words,  that,  if  so  g 
ton  of  linseed  cake  would  yield  373  lb.,  a  ton  of  oat 
124  lb.,  or  a  ton  of  swedes  20^  lb.  of  increase.  What  ii 
is,  that  when  any  one  of  the  foods  is  given  in  the  jn 
amount,  and  admixture  with  other  foods,  which  exp 
shows  to  be  beneficial,  it  may  be  estimated  that  one  ton 
food  so  consumed  will,  approximately,  contribute  the  am 
increase  in  live-weight  stated. 

This  will  be  better  understood  by  giving  some  expli 
of  the  way  in  which  the  figures  have  been  arrived  at. 
case  of  a  few  typical  foods,  a  number  of  feeding  expei 
were  selected  in  which  the  mixtures  given  were  compai 
simple,  and  the  results  fairly  average ;  and  the  productiv 
of  the  particular  food  has  been  calculated,  by  eliminatu 
of  the  associated  food,  or  foods,  as  determined  in  the 
other  experiments,  the  results  of  which  have  been  calcu] 
the  same  way.  For  example,  the  quantity  of  clovi 
required  to  produce  one  of  increase  in  various  experime: 
determined  as  follows : — 

Ckr 

li 

Oxen — ^with  Linseed  Oake,  Barley,  Swedes,  and  Clover  Oliaff 
Uzen  „  „  „  „  . 

Sheep-~with  Linseed  Cake,  Swedes,  and  Clover  Chaff    . 
Sheep-~with  Barley,  Swedes,  and  Clover  Chaff 
Sheep—  „  ff         ff  I,  ... 

Metn    • 
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^n  a  similar  manner  the  productiye  effects  of  linseed,  linseed 
^^e,  Wley,  beans,  and  swedes,  each  used  in  suitable  admix- 
*^re  with  other  foods,  have  been  estimated.     Thus  the  actual 
*^d  comparative  productive  effects  of  a  few  characteristic  foods 
^^y^  been  approximately  determined ;  and  from  these  results 
*^*ie  capacity  of  allied  foods  has  been  estimated,  taking  into  con- 
*^^eration  the  relative  amounts  of  digestible  and  indigestible 
^^^^*>i8tituents  which  the  foods  to  be  compared  on  the  average 
^^*^iitain.     It  is  in  this  way  that  the  figures  in  the  first  and 
®^oond  columns  of  Table  IX.  have  been  arrived  at.   It  should  be 
*teted,  however,  that  in  the  case  of  the  straws  no  direct  experi- 
mental data  were  at  command,  and  their  productive  effects  are 
estimated  mainly  on  their  recorded  amounts  of  digestible  con- 
stituents compared  with  those   in  hay,   and  they  are  more 
pit)bably  given  too  high  than  too  low. 

It  is  obvious  that  such  estimates  can  be  only  approximately 
^^iTect ;  but  they  are  at  any  rate  the  best  that  existing  know- 
ledge renders  it  possible  to  make.  It  is  pretty  certain  that  the 
^iQountB  of  increase  assumed  to  be  produced  are  higher  than 
thoee  usually  obtained.  The  amount  estimated  to  be  yielded  by 
l^seed  cake,  for  example,  is  certainly  higher  than  would  be 
obtained  when,  as  is  sometimes  the  case,  it  is  given  in  such 
^^cessive  amount  that  much  is  voided  by  the  animals  undigested. 
^^  the  other  hand,  the  amounts  of  the  different  foods  estimated 
^  be  required  to  give  1  part  of  increase  are  doubtless  higher 
*^ii  would  be  so  required,  if  as  large  a  proportion  of  the  con- 
^tuents  were  digested  and  utilised  as  has  been  shown  to  be 
*J8eetible  in  the  German  experiments  on  that  subject.  In 
^OBe  experiments  the  animals  were  for  the  most  part  kept  on 
^ere  sustenance  food,  so  that  they  would  digest  the  maximum 
^^portion  of  the  constituents  they  received.  In  the  case  of 
^tening,  however,  especially  with  early  maturity,  the  condi- 
^>^  are  very  different.  The  animal  receives  a  greater  or  less 
^^cess  of  food,  and  not  only  voids  proportionally  more  un- 
^Reeted,  but  may  transform  more  than  is  fully  utilised.  It  is, 
J^vertheless,  economy  to  give  an  excess  within  certain  Umits. 
i;^e  apparent  waste  is,  in  fact,  more  than  counterbalanced. 
*bua^  in  the  first  place,  the  manure  value  of  the  not  utilised 
.*^^  still  remains  intact ;  but  the  real  source  of  the  economy  is 
*^  the  shortening  of  the  time  of  feeding,  and  so,  at  the  cost  of 
?^**ie  excess  of  food,  saving  the  amount  that  would  be  expended 
^  tlxe  mere  sustenance  of  the  animal  in  feeding  for  a  longer 

V       ^I?rusting  that,  with  these  explanations,  the  figures  will  not 
^^c^isonderstood,  we  may  proceed  to  the  consideration  of  the 
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rest  of  the  Table,  only  further  remarking,  in  regard  to 
estimates  in  question,  that  the  amount  of  the  manure 
stituents  of  the  food  carried  off  by  fattening  increase  is  nnd< 
circumstances  so  small  that,  for  l^e  purposes  of  our 
of  manure  value,  even  a  considerable  variation  from  the  avei 
amounts  assumed  to  be  taken  up  by  the  animal  would  affect 
final  result  but  little. 

The  next  division  of  the  Table  (IX.,  pp.  28-29),  compris. 
seven  columns,  relates  to  the  amount,  and  to  the  distributS. 
of  the  nitrogen  of  the  foods.     There  are  given — the  amounts 
it  per  cent.,  and  per  ton,  as  in  Table  VIII.  (p.  24) ;  the 
amount  estimated  to  be  contained  in  the  increase  in  live  wei 
of  the  animal  consumiugone  ton  of  the  food,  and  the  percent 
of  the  total  nitrogen  consumed  which  is  so  retained  in  the  in< 
the  amount  of  the  nitrogen  of  the  food  remaining  for  mani 
the  amount  of  ammonia  to  which  it  corresponds,  and  its  m< 
value,  now  reckoned  at  only  4<i.  per  lb.  of  ammonia ;  instead. 
8c2.,  as  in  1875,  and  6(2.,  as  in  1885. 

Throughout  the  calculations  we  have  assumed  only 
ing  increase  to  be  produced,  and  that  this  will  contain  8 
cent,  of  nitrogenous  substance,  corresponding  to  1*27  per 
of  nitrogen  in  the  increase.     It  will  be  seen  that,  according^ 
the  figures,  the  only  food  in  the  list  of  which  a  ton  is  ei 
to  contribute  more  than  5  lb.  of  nitrogen  to  the 
increase  is  linseed,  and  that  in  the  case  of  none  of  the  cakes^         ^ 
of  the  leguminous  seeds,  will  1  ton  contribute  5  lb.  of  nil 
to  the  increase,  whilst  the  amount  is  in  several  cases  nn' 
4  lb.     A  ton  of  the  cereal  grains,  or  of  their  products  (i 
locust  beans),  generally  contributes  under  4  lb. ;  a  ton  of 
or  straw  less  than  half  as  much ;  and  a  ton  of  roots  very  mi 
less  still. 

To  put  it  in  another  way :  of  the  total  nitrogen  consimM 
the  foods  rich  in  that  substance,  such  as  the  cakes  and 
leguminous  seeds,  there  is  generally  less  than  5  per  cent, 
tained  in  the  fattening  increase  in  live-weight.    The  oei 
grains,  on  the  other  hand,  which  are  much  less  rich  in  nitroj^ 
contribute  a  much  larger  proportion  of  their  total  amount^ 
the  increase ;  indeed,  generally  about  10  per  cent,  of  it. 
gramineous  straws  contribute  a  higher  proportion  still, 
roots  (mangels  and  turnips)  lose  by  feeding  on  an  average  o: 
about  5  or  6  per  cent,  of  their  nitrogen. 

It  is  thus  seen  that,  when  fattening  increase  only  is  f^' 
duced,  the  proportion  of  the  nitrogen  of  the  food  which' 
retained  by  the  animal,  and  so  lost  to  the  manure,  is  very  8d9 
in  the  case  of  the  richer  foods,  but  more  in  that  of  the  peer'' 
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bat  even  with  them  it  seldom  exceeds  10  per  cent., 
^^ocpting  with  the  straws.  It  may  be  assumed,  however,  that 
^^^hen  the  foods  are  consumed  by  store  animals,  about  twice  as 
•much  of  the  nitrogen  of  the  food  is  retained  by  the  animal,  and 
lost  to  the  manure.  And  when,  as  is  more  and  more  the 
with  early  maturity,  the  increase  comprises  a  larger  pro- 
portion of  growth  than  in  mere  fattening,  the  amount  of  the 
lutrogen  of  the  food  which  will  be  lost  to  the  manure  will  be 
l>etween  that  given  in  the  Table  and  twice  as  much. 

The  third  division  of  the  Table  relates  to  the  phosphoric 
>uu.d,  and  there  are  given  for  each  food,  as  in  the  case  of 
tJie  nitrogen,  the  amounts  of  it  per  cent,  and  per  ton  of  the 
foods;  the  amount  estimated  to  be  retained  in  the  increase; 
tiiie  amount  remaining  for  manure,  and  the  money  value  of  this 
^ti  2d.  per  lb. ;  instead  of  2^d,,  as  adopted  in  1875,  and  Sd.  in 
1885. 

It  will  be  seen  that  there  is  only  about  two-thirds  as  much 
phosphoric  acid  as  of  nitrogen  retained  in  a  given  weight  of 
fc^t.t;ening  increase ;  but,  ovring  to  the  very  generally  less,  and 
soiicietimes  mnch  less,  amount  of  it  in  the  foods,  a  greater  pro- 
portion of  that  consumed  is  retained  in  the  animal,  and  a  less 
P^^oportion  remains  for  manure.     It  should  be  added  that,  in  the 
<^c^8e  of  store  and  still  growing  animals,  the  amount  of  phosphoric 
^oi^  retained  in  a  given  weight  of  increase  will  be  very  much 
than  in  mere  fattening ;  indeed,  in  mere  store  increase  it 
ly^  as  in  the  case  of  the  nitrogen,  be  nearly  twice  as  great  as 
xnere  fattening. 
Of  potash,  the  Table  shows  that  a  given  weight  of  fattening 
^^ox-ease  retains  only  about  one-eighth  as  much  as  it  does  of 
phosphoric  acid ;  and  the  percentage  of  the  whole  in  the  food 
"^^hich  is  lost  to  the  manure  is  generally  very  small.     In  its  case, 
*^     in  that  of  the  nitrogen  and  phosphoric  acid,  the  amount 
^^ticfcined  in  mere  store  increase  will  be  nearly  twice  as  much  as 
^^^  mere  fattening  increase,  but  the  total  quantity  retained  is 
^ill  very  small.     The  potash  remaining  for  manure  is   now 
^^Ined  at  l^d.  per  lb. ;  instead  of  2d.y  as  in  1875,  and  2^d.,  as  in 
1885. 

The  last  column  of  Table  IX.  shows  the  total  manure  value 
.  *^  ton  of  each  of  the  foods  after  consumption,  reckoning  the 
^^^»x>gen,  the  phosphoric  acid,  and  the  potash  at  the  prices 
^bove  named,  which  are  those  at  which  they  can,  at  the  present 
tlf^^'  be  purchased  in  artificial  manures.  It  may  be  added  that 
^  reductions  in  the  prices  of  ammonia,  phosphoric  acid,  and 
*^^^*^li,  now  adopted,  bring  all  the  estimates  of  total  or  original 
^^Hure  value  almost  exactly  one-third  lower  than  those  given 
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in  1885.  Thns  the  total  manure  value  of  a  ton  of  linseed  cake 
consumed,  which  in  1885  was  reckoned  at  3Z.  18s.  6d.y  is  now 
taken  at  2Z.  11^.  lid, ;  that  of  a  ton  of  maize  is  reduced  from 
11.  bs.  Id.  to  16s.  Id. ;  and  that  of  other  foods  in  the  same  pro- 
portion. 

Unexhausted  Manure-value  of  Cattle  Foods. 

So  much  for  the  method,  and  the  results,  of  the  estimation 
of  the  total  or  original  manure  value  of  the  different  foods, 
deducting  merely  the  nitrogen,  the  phosphoric  acid,  and  the 
potash,  estimated  to  be  retained  by  the  animal  consuming 
them,  and  reckoning  the  remainder  at  the  prices  at  which  th^ 
can  be  purchased  in  artificial  manures.  We  have  now  to 
attempt  the  still  more  complicated  and  difficult  task  of  en- 
deavouring to  estimate  the  un,exhav^ted  manure  value  of  the 
different  foods,  or  what  may  be  called  their  comi^ensaiion  t^alue^ 
after  they  have  been  used  for  a  series  of  years  by  the  outgoing 
tenant,  and  he  has  realised  a  certain  portion  of  the  manure  value 
in  his  increased  crops. 

As  already  said,  we  have  in  the  case  of  a  number  of  the  foods 
endeavoured  to  estimate  the  probable  amounts  of  increase  that 
the  tenant  would  obtain  in  his  barley  and  wheat  crops,  sup* 
posing  that  the  food  were  used  at  the  rate  of  one  ton  per  acre 
in  eight  years,  or  one  ton  over  8  acres  each  year ;  and  then, 
after  making  allowance  for  loss,  we  have  estimated  the  yalae 
of  the  unexhausted  residue  at  a  declining  rate  from  the  last  to 
the  eighth  year  back.  These  results  gave  a  basis  for  considera- 
tion, and,  having  studied  them,  and  settled  what  seemed  to 
be  a  suitable  allowance,  we  have  fixed  upon  a  scale  of  re- 
duction, starting  from  the  total  or  original  manure-valuej  as 
estimated  in  Table  IX. 

The  rule  so  determined  upon  is,  to  deduct  one-half  of  the 
original  manure  value  of  the  food  used  the  last  year,  and 
one-third  of  the  remainder  each  year,  to  the  eighth,  in  the  case 
of  all  the  more  concentrated  foods,  and  the  roots,  in  fact  of  all 
the  foods  in  the  list  excepting  the  hays  and  the  straws ;  and  for 
these,  which  contain  larger  amounts  of  indigestible  matter, 
and  the  constituents  of  which  will  be  more  slowly  available  to 
crops,  two-thirds  of  the  original  manure  value  is  deducted  for 
the  last  year,  and  only  one-fifth  from  year  to  year  to  the  eighth 
year. 

The  results  of  the  estimates  of  compeiualion  value  so  made 
are  given  in  Table  X.  (p.  33).  The  first  column  shows  the 
total  or  original  manure^value  of  each  food.  The  second  colnmn 
shows  the  allowance  for  the  last  year,  and  the  sucoeeding 
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colnmns  that  for  each  sucoeeding  year  to  the  eighth.  The 
column  gives  the  total  compensation  value  for  the  eight  ji 
coDsnmption. 

It  may  seem  at  first  sight  that  a  deduction  of  50  per  c 
from  the  original  manure  value  of  the  food  used  in  the  last ; 
is  large ;  but  we  have  not  only  to  make  allowance  for  all  Ic 
to  which  the  manure  may  be  subject,  which  may  be  considen 
especially  if  much  of  the  food  is  consumed  in  the  yards ;  bi 
is  also  to  be  borne  in  mind  that  the  money  paid  for  compe 
tion  will  not  yield  its  full  return  for  a  long  time.  Only 
the  original  manure  value  would,  therefore,  be  allowed  if  the 
were  only  used  one  year ;  aud  all  scales  of  allowance  arrai 
by  Farmers'  Clubs  assume  the  consumption  for  more  than 
year.  If,  however,  the  food  is  used  for  eight  years,  or  mor 
will  be  seen  that  the  total  allowance  considerably  exceeds 
original  manure  value  of  one  year's  consumption ;  the  aL 
ance  made  for  the  accumulation  bringing  it  up  to  from  one 
a  third  to  one  and  a  half  as  much  as  the  original  nuu 
value. 

In  order  to  test  the  applicability  of  the  scale  of  compensa 
proposed,  let  ns  take  a  very  simple  and  ordinary  case,  and 
what  would  be  the  allowance  allotted  to  the  outgoing  tei 
according  to  the  estimate  given  in  the  Table.  Let  us  sup 
the  case  of  a  Norfolk  or  Lincolnshire  farm  under  the  ordii 
four-course  rotation,  with  meat  and  grain  only  sold,  the  r 
fed  partly  on  the  land  and  partly  in  the  yards.  Assume, 
ther,  that  the  land  is  thoroughly  clean,  and  that  the  farm  i 
every  respect  ia  good  order  when  given  up.  It  is  pretty 
tain,  indeed,  that  every  claim  for  compensation  will  have  t 
settled  on  its  own  merits ;  that  the  character  of  the  soil, 
cropping,  the  state  of  the  land  as  to  cleanliness,  and  many  o 
points  will  be  taken  into  consideration,  both  for  and  agfl 
any  claim. 

As  already  intimated,  the  essential  basis  of  the  system  of  < 
mate  and  valuation  of  the  unexhausted  residue  adopted  is 
assumption  of  gradual  accumulation  within  the  soil,  and  of  i 
recovery  from  it.  Suppose  then  that  linseed  cake  had  1 
used  annually  for  eight  years,  at  the  average  rate  of  one 
over  eight  acres  each  year,  or  of  one  ton  per  acre  in  eight  y< 
Each  acre  would  thus  on  the  average  receive,  either  in  fii 
yard  manure  or  directly  by  the  feeding  with  roots  or  dove 
the  land,  the  manure  from  the  consumption  of  one  ton  of 
seed  cake  in  eight  years,  or  at  the  average  rate  of  one-eighi 
a  ton,  or  2^  cwt.,  per  acre,  per  annum. 

The  first  column  of  Table  X.  (p.  83)  shows  that  the  to* 
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original  manure  value  of  one  ton  of  linseed  cake  consumed — that 
is,  the  yalue  deducting  only  the  constituents  stored  up  in  the 
animal — is  estimated  to  be  21. 1  Is.  1  Ic?.  The  subsequent  columns 
of  the  same  Table  show  the  estimated  compensation  value  of  the 
uneaciiavsied  residue  from  one  ton  consumed  (that  is,  after  the 
tenant  has  realised  the  benefit  of  the  increase  of  his  crops)  to  be, 
if  used  each  year  for  eight  years,  as  given  in  the  first  column  of 
the  following  Table,  the  second  column  showing  the  amount 
P^  acre  per  annum  : — 


Compcneatlon  allowances  for  one  tr>u  of 
linseed  cake  consumed 


Per  annum, 
eight  years 


^year 


»i 
t* 
ft 
>l 
If 
»f 
ft 


£  #.  d. 
1  6  0 
0  17 
0  11 


0 
0 
0 
0 
0 


7 
5 
3 
2 
1 


4 
7 
9 
2 
5 
3 
6 


Per  acre,  in 
eight  years 


£    J.    d. 
0     3     3 

2 

1 

1 

0 

0 

0     3 


0 
0 
0 
0 
0 
0 


2 
5 
0 

8 

r. 


0    0    2 


Total    . 


3  15    0 


0    9    4 


Thus,  according  to  the  first  column  of  the  Table,  the  value 
^^  the  unexhausted  manure  residue  from  the  consumption  of  one 
*^^  of  linseed  cake  annually  for  eight  years  would  be  3/.  15/?.  OcZ., 
^^  nearly  45  per  cent,  more  than  the  original  manure  value  of 
one  year's  consumption.  Or,  as  the  second  column  shows,  the 
**lowance  would  be  at  the  rate  of  9«.  id,  per  acre  over  the  whole 

^Thether  such  an  allowance  would  be  too  much  or  too  little 

^^der  the  circumstances  supposed  is  a  question  for  considera- 

'^^ii.     The  conditions  supposed  are :  a  light-land  farm,  upon 

^^*^cli  the  manure  from  purchased  food  is  an  essential  element 

piX)fitable  cultivation ;  that  meat  and  grain  alone  are  sold ; 

*^^  that  the  farm  is  given  up  in  a  satisfactory  state  in  every 

r?^P^ct.     Also  that,  on  the  average,  each  acre  received  during 

P®  last  eight  years,  the  manure  derived  from  the  consumption 

One  ton  of  linseed  cake.     The  question  between  the  two 

*^^ie8  concerned  is,  whether  the  outgoing  tenant  would  receive 

.,  ^oient  remuneration  for  his  unexhausted  manure ;  and,  on 

^  other  hand,  whether  the  landowner,  or  the  incoming  tenant, 

A  ^^Id  pay  more  than  will  be  recovered  in  increase  of  crops  ? 

^  allowance  of  95.  4d.  per  acre  on  a  farm  of  400  acres  would 
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amount  to  186i.   13s.   4rf.,   which  is  a  large  sum  to  p 
and  it  is  certain  that  the  recovery  of  the  amount  will  onlj^^ 
gradual.     It  is   well   known   that  both  time  and  money 
required  to  get  land  into  condition,  and  here  is  land  alread] 
condition. 

Let  us  consider  the  effect  of  such  a  valuation  of  unexhansK'd^ed 
manure  from  two  opposite  points  of  view.     The  outgoing  t&OLms^nt 
may  consider  that  he  is  entitled  to  a  larger  sum,  and  he  pr&'fS^rs 
to  claim  compensation  under  the  Act.     The  outgoing  tenan.'fc    of 
the  future  will,  however,  have  another  alternative.     He  can.    ine- 
duce  the  stock  of  fertility  by  the  consumption  of  foods  wlaJLcli 
have  high  feeding,  but  low  manure,. value,  and  which  ai'e  lo^iw^^r 
in  price  than  the  foods  which  possess  both  high  feeding,  cknd 
high  manure,  value.     The  incoming  tenant  knows  what  he     lififi 
to  pay  for,  and  has  only  himself  to  blame  if  he  pays  too  m^cLoh. 
But  behind  the  incoming  tenant  is  the  landowner,  who  ncmust 
himself  pay  the  claim  of  the  outgoing  tenant  if  he  can  find  no 
one  else  to  do  so.     It  is,  therefore,  a  matter  of  importance    *o 
the  landlord  that  the  compensation  should  be  fixed  on  a 
suflSciently  reasonable  to  render  it  not  worth  his  while  to 
the  case  to  arbitration,  or  into  a  court  of  law. 

As  before  referred  to,  we  have,  in  the  construction  oT   ^^ 
Table  (X.,  p,  33),  in  all  cases  adopted  one  uniform  rate  of   ^^ 
duction  from  year  to  year,  excepting  in  those  of  the  hays   BSxi 
the  straws,  as  already  explained,  and  as  shown  in  the  Tablf  * 
We  do  not,  however,  at  all  assume  that  there  is  no  diflfi^rence  ^ 
the  activity  of  the  manure  from  the  different  foods  thus  dass^ 
together,  or  that  their  unexhausted  residue  will  be  available  ^ 
exactly  the  same  rate.    Then,  again,  it  is  obvious  that  to  assm^^ 
the  consumption,  and  the  manure  value,  to  be  the  same  on  eiBC» 
acre,  and  in  each  year,  is  not  strictly  in  accordance  with  tb^ 
facts.     But  to  have  attempted  to  fix  a  different  scale  for  e»^ 
food,  and  for  each  year,  according  to  the  varying  drcumstanc^* 
would  have  been  to  assume  a  knowledge  which   we  do   i>^ 
possess ;  and  we  submit  the  Table    for  the   conBideratioa  ^ 
those  interested,  as  the  best  approximation  to  the  truth  tb^ 
we  are  at  present  able  to  provide. 

Although  it  is  to  be  borne  in  mind  that  the  whole  of  tib^ 
estimates  are  founded  on  the  assumption  that  fattening  inoi"0*^ 
only  is  produced,  yet  we  have  indicated  the  direction,  and  inda^ 
to  a  considerable  extent  the  degree,  in  which  the  figures  aho^ 
be  modified  when  store  animals  are  reared  or  fed.  It  ahoiild  ^0 
added  that,  in  the  case  of  the  foods  being  used  for  the  p^ 
duction  of  milk,  an  entirely  different  scale  of  original  and  0^ 
exhausted  manure  value  would  have  to  be  arranged,  as  isSB^     n 
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I  80  very  mnch  more  of  the  manure  constitnents  of  the 
m  increase  in  live-weight  of  any  kind, 
tiher,  it  will  be  understood  that  onr  tables  do  not  claim 
)pli(»ble  to  cases  of  the  liberal  use  of  town  manures, 
.  for  the  growth  of  potatoes  or  other  market  garden  crops 
\.  Such  cases  require  special  consideration,  and  come 
he  description  of  garden  rather  than  of  farm  cultivation, 
lonclusion,  although  we  have  revised  the  estimates  of  the 
values  of  food  stuffs,  in  accordance  with  the  prices  of 
la,  phosphoric  acid,  and  potash,  at  the  present  time,  the 
vdll  doubtless  require  further  revision  f^m  time  to  time, 
value  of  manure  constituents  in  the  market  changes, 
rbaps  also  in  other  ways,  as  knowledge  advances  and 
loe  is  gained.  But,  in  view  of  the  problems  and  the 
ons  to  which  the  issue  of  the  Final  Report  of  the  Royal 
ision  on  Agricultural  Depression  must  necessarily  give 
seemed  opportune  to  bring  the  subject  up  to  date  on  the 
occasion.  It  is  to  be  understood,  however,  that  in  the 
be  Tables,  the  special  circumstances  of  each  case  must 
m  into  account,  and  the  actual  figures  adopted,  or 
ktion  made,  accordingly.  At  any  rate,  as  we  have  given 
I  on  which  our  estimates  are  founded,  and  explained  the 
by  which  they  have  been  obtained,  those  interested  in 
st  difficult  subject  have  the  means  of  forming  their  own 
Lons  on  the  results  arrived  at. 

General  Observations  and  Conclusions. 

I  now  proposed  that  compensation  should  be  given,  when 
I  grown  on  the  farm,  which  at  present  the  tenant  is 
d  to  sell,  is  consumed  at  home,  by  cattle,  sheep,  or  pigs, 
Drses  other  than  those  used  on  the  farm.  The  justice  of 
30sal  is  based  on  the  fact  that  the  tenant  could  claim 
sation  if  he  used  purchased  food  instead,  and  that  it 
nreasonable  that  he  should  be  obliged  to  send  his  home- 
>Toduce  to  market  and  bring  back  imported  cattle  food, 
tlish  his  claim  for  compensation,  when  it  would  be  more 
\e  to  him,  and  the  land  might  be  equally  benefited,  if  he 
3d  his  own  produce.  There  may,  however,  be  consider- 
fficulty  in  carrying  out  such  an  arrangement.  For 
),  under  existing  conditions  farmers  do  consume  more 
of  their  home-grown  produce.  The  offal  wheat  and 
kre  at  any  rate  so  used.  Then,  if  the  barley  is  injured 
pireather,  and  rendered  unfit  for  malting,  as  was  the  case 
eat  an  extent  in  some  counties  in  1896,  a  considerable 
f  may  be  more  profitably  consumed  than  sold ;  and  the 
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question  arises  whether  the  tenant  should  be  compensated  for 
consuming  his  home-grown  produce  under  such  circumstances  ? 

In  the  case  of  those  light  soils  for  which  imported  fertility 
is  an  essential  of  their  profitable  cultivation,  the  consumption  of 
home-grown  produce  may  sometimes  be  advantageous,  and  it 
would  certainly  help  to  keep  down  the  bill  for  cake  and  oth^r 
imported  foods.  But  there  is  a  large  area  of  soils  in  the 
country  which  themselves  contain  vast  stores  of  inherent 
fertility,  for  the  utilisation  of  which,  however,  tillage  operations 
are  of  as  much  importance  as  manures ;  and  the  question  arises 
whether  in  the  case  of  such  soils,  farmed  under  the  ordinary 
rotation  and  covenants  of  the  district,  they  are  not  of  them- 
selves competent  to  yield  good  crops  without  detriment  to  the 
permanent  fertility  of  the  land.  It  has  been  shown  that  in  the 
case  of  the  land  in  our  own  district,  the  removal  of  a  certain 
portion  of  the  soil  constituents  has  been  carried  on  over  a  long 
period  of  time  without  such  injury;  and  it  is  a  question 
whether,  if  a  moderate  proportion  of  the  produce  now  sold  were 
consumed  on  the  farm,  the  land  would  be  materially  benefited; 
though,  if  the  claim  proposed  were  made  legal,  the  owner  or 
the  incoming  tenant  might  be  subject  to  payment  for  com- 
pensation.  At  any  rate  it  is  certain  that  there  would  be 
difficulty  in  carrying  out  such  an  arrangement,  and  that  much 
discrimination  will  be  required  on  the  part  of  the  valuer. 

It  is  true  that  the  heavier  soils  yield  much  larger  crops 
than  they  otherwise  would,  when  aided  by  imported  fertility, 
derived  from  the  use  of  purchased  cattle  foods  or  direct 
manures ;  but  the  illustrations  which  have  been  given  show 
that  such  soils  retain  the  unexhausted  residue  of  manure  veiy 
tenaciously ;  and  they  do  so  much  more  than  lighter  soils,  and 
so  yield  up  the  constituents  to  future  crops  much  more  slowly. 
Claims  for  compensation  for  unexhausted  manures  would,  there- 
fore, be  more  difficult  to  establish  in  the  case  of  the  heavier  than 
of  the  lighter  soils. 

It  may  here  be  observed  that  we  have  made  some  attempts 
to  calculate  to  what  extent  the  crops  of  the  country  at  la^ 
are  increased  by  imported  fertility  in  the  form  of  cattle  foods 
and  manures.     But  so  much  of  some  of  the  larger  articles  a 
consumption,  such  as  Indian  com,  peas,  beans,  &c.,  are  used 
towns,  that  it  was  found  impossible  to  determine  how  much 
the   quantities  of  them  imported  were  probably  consumed  i 
agriculture.     With  regard  to  cakes,  it  may  be  said  that  if  tb 
whole  of  the  imports  were  considered  to  be  employed  evi 
over  the  arable  and  grass  land  of  Great  Britain,  the  consnm 
per  acre  would  be  very  small  indeed. 
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^Tam.  the  illustrations  given,  and  discussions  upon  them,  it 
wiUbQ  seen  that  in  the  application  of  our  tables  of  compensa- 
tion value  we  consider  that  the  distinction  between  light  and 
heavy  soils  must  be  clearly  borne  in  mind,  the  claim  being 
much  the  greater,  and  much  the  more  easily  estimated,  in  the 
case  of  the  lighter  than  of  the  heavier  soils.     In  the  one  case 
unported  fertility  is  essential  to  profitable  cultivation,  and  the 
Qiidxhausted  manures  are  more  rapidly  available;  whereas  in 
tbe  other,  tillage  operations  are  of  the  greater  importance,  and 
Sported  fertility  of  much  less,  whilst  the  unexhausted  residue 
of  such  fertility  is  much  more  slowly  available.     An  illustration 
of  this  was  afforded  in  the  case  of  the  experiments  at  Kotham- 
rted  on  the  growth  of  barley  by  means  of  rape  cake  for  forty 
JOftrs  in  succession  (see  pp.  11-13). 

In  conclusion,  it  is  obvious  that  if  the  occupier  is  to  be 
Compensated  for  the  consumption  on  the  holding  of  home-grown 
Pn>duce,  which  he  is  now  permitted  to  sell,  and  if  he  is  also  to 
^  free  to  grow  and  sell  what  he  pleases,  and  yet  must  maintain 
*te  fertility  of  the  soil,  the  diflBculties  of  the  valuer  will  be  very 
S^^Siiiy  increased ;  and  the  referee  who  is  to  decide  upon  con- 
victing claims  must  be  a  man  of  extraordinary  sagacity  if  he 
settle  the  disputes  that  will  arise  to  the  satisfaction  of  both 
It  is  to  be  hoped,  however,  that  under  the  provisions 
5     any   future  Agricultural  Holdings   Act    the   settlement   of 
pntes  will  be  speedy,  cheap,  and  effectual,  and  that  the  suc- 
party  will  not  find  himself  a  loser  in  the  transaction. 


The  more  directly  practical  conclusions  may  be  briefly  sum- 
^^^lifled  as  follows : — 

1.  When  manures  containing  organic  matter,  such  as  those 
^^^oduced  by  the  consumption  of  hay,  straw,  cakes,  com,  &c., 
^Ve  been  applied  to  the  soil  and  grown  a  crop,  the  unexhausted 
Ine  of  tiieir  fertilising  constituents  is  yielded  up  to  future 
_  3  only  gradually,  but  much  more  rapidly  on  light  than 
^^  heavy  soils.  Much  the  same  may  be  said  when  organic 
'^^^fcterSy  such  as  rape  cake,  are  directly  used  as  manures. 

.^  2.  The  value  of  the  manure  produced  by  the  consumption  of 
?**flferent  cattle  foods  varies  very  greatly,  and  depends  upon 
^^^ir  composition.  This  is  fully  illustrated  in  the  foregoing 
'^"^       I,  and  especially  in  Tables  IX.  and  X.  (pp.  28-29,  and  33). 


8.  When  nitrate  of  soda  is  used  as  manure,  its  nitrogen  does 

^?^  enter  into  fixed  combinations  within  the  soil,  but  nitrate  is 

^^Bolved  in  the  soil-water,  and  unless  taken  up  by  vegetation. 
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much  pajsses  intx)  the  drains,  or  into  the  subsoil  beyond  the  reach 
of  the  roots  of  the  crops.  When  salts  of  ammonia  are  used, 
part  of  the  ammonia  is  temporarily  taken  up  by  the  soil,  but  it 
is,  more  or  less  rapidly  (according  to  the  character  of  the  soil 
and  of  the  season),  converted  into  nitrate,  and  is  then  subject 
to  loss  by  drainage  as  when  nitrate  of  soda  is  used.  The  loss 
by  drainage  will,  as  a  rule,  be  the  most  when  these  manures  are 
applied  to  grain  crops,  but  materially  less  when  applied  to  root- 
crops  or  to  permanent  grass,  as  these  crops  have  a  more  extended 
period  of  growth,  tending  to  keep  the  soil-water  nearer  the  sur- 
face, and  to  greater  utilisation  of  the  nitrogen. 

4.  When  these  ai*tificial  nitrogenous  manures  are  used  for 
grain  crops,  they  leave  some  nitrogenous  crop-residue  (stubble 
and  roots)  ;  the  more  the  greater  the  amount  of  increased  pro- 
duce due  to  the  manure.  When  used  for  root-crops,  there  will, 
as  a  rule,  be  much  more  of  the  supplied  nitrogen  recovered  in 
the  crop  than  in  the  total  produce  (grain  and  straw)  of  a  grain 
crop.  When  applied  to  permanent  grass,  there  will  also  be 
much  more  of  the  supplied  nitrogen  recovered  in  the  increase  of 
crop  than  when  applied  to  a  grain  crop ;  and  there  will  at  the 
same  time  be  more  crop-residue  in  the  case  of  permanent  grass 
than  in  that  of  a  grain  crop. 

5.  When  superphosphate,  basic  slag,  kainit,  or  salts  c^ 
potash,  are  applied  as  manure,  a  portion  of  the  phosphoric  acid 
and  potash  is  readily  taken  up  by  vegetation ;  but  a  large 
quantity  soon  enters  into  fixed  combinations  within  the  soil, 
especially  in  the  case  of  the  heavier  soils,  and  this  is  very 
slowly  available  to  future  crops.  Hence  the  compensation 
value  of  the  unexhausted  residue  of  these  manures  is  very  small. 

6.  To  draw  a  distinction  between  the  landowner's  and  the 
tenant's  fertility,  and  to  assign  a  commercial  value  to  the  latter, 
must  always  be  a  difficult  matter ;  and  especially  must  it  be  so,  ^ 
as  some  soils  contain  vast  stores  of  natural  fertility,  and  othos  « 
very  little.  It  is  to  be  hoped  that  the  evidence  which  has  beeiLcs 
brought  forward,  and  the  comments  upon  it,  may  be  of  some^^ 
service  to  those  who  are  called  upon  to  act  as  valuers  in 
where  questions  of  compensation  for  unexhausted  manures 
come  subjects  of  dispute. 

John  Beknet 
J.  Henry  Qilbebt. 

Rothamsted. 
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He  valuation  of  the  manures 
obtained  by  the  consumption 
of   foods    for  the  production 

OF   MILK. 

^fiB  the  publication  in  1885  of  oar  paper  in  this  Journal  on 
^He  VakuUion  of  Unexhausieil  Manures"  in  which  we  limited 
^  illustrations  to  cases  of  the  manures  obtained  by  the  con- 
option  of  foods  for  the  production  of  fattening  increase,  we 
^i^  asked  if  we  could  not  supply  a  scale  applicable  to  the  con- 
loption  of  foods  for  the  production  of  milk.  Again,  since 
^  publication  of  our  revised  valuations  in  the  last  issue  of  the 
^Urnal,^  we  have  been  asked  the  same  question.     In  answer,  we 

each  case  pointed  out  how  such  an  estimate  could  approxi- 
^tely  be  arrived  at.  There  are,  however,  considerable  difficul- 
^  in  extending  the  valuations  to  meet  the  requirement  in  the 
8e  of  milk-production,  as  will  be  fully  appreciated  as  we 
"Oceed.  After  careful  consideration  of  the  subject  we  have, 
^Wever,  arranged  tables  of  valuation  of  the  manure  obtained 
^Qq  food  is  consumed  for  the  production  of  milk,  substantially 
)  the  plan  of  those  previously  given  in  the  case  of  the  production 

fiittening  increase. 
In  illustration  of  the  complexity  and  difficulty  of  the  subject, 

Will  be  of  interest  to  recall  attention  here  to  illustrations  we 
^ve  previously  given,  of  the  great  difference  in  the  demands 
^e  upon  the  food,  on  the  one  hand  for  the  production  of 
^itnal  increase,  and  on  the  other  for  the  production  of  milk. 
^  is  well  known,  not  only  do  cows  of  different  breeds  yield 
^dely  different  quantities  of  milk,  and  in  some  cases  milk  of 
^racteristically  different  composition,  but  individual  animals 
the  same  breed  have  very  different  milk-yielding  capacity  ; 
^d  whatever  the  average  capacity  of  a  cow  may  be,  she  has  a 
^^ximum  yield  at  one  period  of  her  lactation,  which  is  followed 
T  a  gradual  decline.  Hence,  in  comparing  the  amounts  of 
^i^tituents  stored  up  in  the  fattening  increase  of  an  ox  with  the 
founts  of  the  same  constituents  removed  in  the  milk  of  a  cow, 
e  must  assume  a  wide  range  of  difference  in  the  yield  of  milk. 
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Table  I.  shows  the  amoants — of  nitrogenous  sabstance, 
of  fat,  of  non-nitrogenous  substance  not  fat,  of  total  mineral 
matter,  of  phosphoric  acid,  of  potash,  and  of  total  solid 
matter,  carried  off  in  the  weekly  yield  of  milk  of  a  cow,  on 
the  alternative  assumptions  of  a  produce  of  4,  6,  8,  10,  12,  14, 
IG,  18,  or  20  quarts,  per  head  per  day;  and^  for  comparison, 
there  are  given  at  the  bottom  of  the  Table  the  amounts — of 
nitrogenous  substance,  of  fat,  of  total  mineral  matter,  of  phos* 
phoric  acid,  of  potash,  and  of  total  solid  matter,  in  the  weekly 
increase  in  live-weight  of  a  fattening  ox,  of  an  average  weight 

Table   I. — Comparison  of  the   Constituents  of  Food  carried  off  in 
Milk,  and  in  the  Fattening  Increase  of  Oxen, 


[I  Oftllon  o  lO-SS  lb.] 
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01350 

3-96 
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4  99 
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0-2349 

02025 

5-28 

506 

666 

1-08 

0-3132 

0-2700 

6-60 

6-33 

8-32 

1-35 

0-8916 

0-3376 

7-92 

7-59 

9-99 

1-62 

0-4698 

0-4060 

9-24 

8-86 

11-66 

1-89 

0-5481 

0-4726 

10-56 

1012 

13-32 

216 

0-6264 

0-6400 

11-88 

11-39 

14-98 

2-43 

0-7047 

0-6076 

13-20 

12-66 

16-65 

2-70 

0-7830 

0-6760 

lb. 

9-04 
13-66 
18-08 
22^60 
2718 
31-64 
3616 
40-68 
46-20 


In  Incbease  in  Live-weight  pbb  Week  (Oxen). 


If  10  lb.  increase 
If  15  lb.  increase 


0-80 
120 


6-35 
9-53 


0-20 
0-30 


0-086 
0129 


0011 
0  0166 


736 
11-03 


of  1,0001b. — first  on  the  assumption  of  a  weekly  increase  of 
10  lb.,  and  secondly  of  15  lb. 

The  estimates  of  the  amounts  of  constituents  in  the  milk 
are  based  on  the  assumption  that  it  will  contain  12*5  per  cent, 
of  total  solids,  consisting  of  3'65  albuminoids,  8*50  batter-fat, 
4*60  sugar,  and  0*75  total  mineral  matter ;  the  last  containing 
0*22  (0*2175)  phosphoric  acid,  and  019  (01875)  potash.  The 
estimates  of  the  constituents  in  the  fattening  increase  of  oxen 
are  founded  on  determinations  made  at  Rothamsted.  On  this 
point  it  may  be  added,  that  the  amounts  of  nitrogenous  substance 
in  the  animal  increase  are  slightly  raised  from  the  original 
estimate,  first  published  in  1885,  and  they  now  accord  with  that* 
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tod  in  our  valuation  tables  publighed  in  1885,  and  again  in 
•  The  amount  of  total  mineral  matter  in  the  increase  is 
somewhat  raised  from  the  original  estimate ;  partly  from 
consideration  that,  with  earlier  maturity,  the  so-called 
aing  increase  will  contain  more  of  growth,  and  hence 
what  more  of  both  nitrogen  and  mineral  matter,  than 
issnmed  in  onr  earlier  adopted  average  estimates. 
deferring  to  the  very  wide  range  of  yield  of  milk  per  head 
lay  which  the  figures  in  the  Table  assume,  it  may  be 
rked  that  it  is  by  no  means  impossible  that  the  same 
al  might  yield  the  largest  amount — namely,  20  quarts,  or 
lions,  per  day,  near  the  beginning,  and  only  4  quarts,  or 
lion,  or  even  less,  towards  the  end  of  her  period  of  lactation. 
le  same  time,  a  moderately  large  herd  of,  say  Shorthorns 
jrrshires,  of  fairly  average  quality,  well  fed,  and  including 
als  of  various  periods  of  lactation,  should  not  yield  an  aver- 
»f  less  than  8  quarts,  or  2  gallons,  and  would  seldom  exceed 
Harts,  or  2^  gallons,  per  head  per  day,  the  year  round. 
W  the  purposes  of  illustration,  we  will  assume  an  average 
of  milk  of  10  quarts,  equal  2^  gallons,  or  between  25  and 
K  per  head  per  day ;  and  compare  the  amount  of  consti- 
a  in  the  weekly  yield  at  this  rate,  with  that  in  the  weekly 
ase  of  the  fattening  ox  at  the  higher  rate  assumed  in  the 
)T-namely,  15  lb.  per  1,000  lb.  live-weight,  or  1-5  per  cent., 
feek. 

*hus,  of  the  nitrogenous  substance  of  the  food,  the  amount 
d  up  in  the  fattening  increase  of  the  ox  will  be  only  1*2  lb., 
he  amount  carried  off  as  such  in  the  milk  would  be  6*6  lb., 
r  times  as  much  as  in  the  increase.  Of  mineral  matter, 
I,  the  fattening  increase  woald  not  contain  more  than  0*3  lb. ; 
(t  the  milk  would  carry  off  1*35  lb.  or  4^  times  as  much  ; 
losphoric  acid,  the  increase  would  contain  0*129  lb.  and 
nilk  0*3915  lb.  or  more  than  3  times  as  much ;  and  of 
h,  the  fattening  increase  would  contain  001 65  lb.,  but  the 
0*3375  lb.,  or  more  than  20  times  as  much. 
Jthough  the  fact  has  no  bearing  on  our  present  estimates, 
of  interest  to  observe  that,  whilst  the  fattening  increase 
i  contain  9*53  lb.  of  fat,  the  milk  would  contain  only 
lb.,  or  only  about  two-thirds  as  much.  On  the  other  hand, 
it  the  fattening  increase  contains  practically  no  other  non- 
genous  substance  besides  fat,  the  milk  would  carry  off 
lb.  in  the  form  of  milk-sugar.  It  may  be  added,  that  this 
mtof  milk-sugar  reckoned  as  fat  would  correspond  approxi- 
ly  to  the  difference  between  the  fat  in  the  milk  and  that 
e  fattening  increase. 

d3 


6  The  VcUtiation  of  the  Manures  obiahied  by  the 

From  the  foregoing  comparisons,  it  is  evident  that  the  di 
upon  the  food  is  very  much  greater  for  the  production  of  mi 
than    for    that    of  meat;    leaving,  therefore,   correspondin^^^^^ 
smaller  amounts  of  the  constituents  consumed  remaining  i^fcr  -—z 
manuro.      This  is  especially  the  case  in  the  important  item 
nitrogenous  substance;  and  if,  as  is  frequently  assumed,  t  | 

butter-fat  of  the  milk  is,  at  any  rate  to  a  great  extent,  primar  —  dl 
derived  from  the  nitrogenous  substance  of  the  food,  so  far  as  i 

is  so,  about  two  parte  of  such  substance   would  be   requii 
to  produce  one  of  fat.     On  such  an  assumption,  therefore, 
requirement  for  nitrogenous  substance  of  food  would  be  rai 
greater  than  that  indicated  in  the  Table  (I.)  as  existing  as 

nitrogenous  substance  in  the  milk.  But  the  nitrogen  of  i^H^u~xiy 
amount  of  nitrogenous  substance  so  utilised  for  the  product:^  ■  on 
of  fat  would  nevertheless  be  recovered  in  the  manure. 

Independently,  however,  of  the  difficulty  of  estimating 
average  value  of  the  manure  derived  from  the  consumption 
food  for  the  production  of  milk,  arising  from  the  very  w 
difference  in  the  amount  of  milk  yielded  by  different  oowe, 
by   the   same   cow   at  different  periods  of  her  lactation, 
knowledge  as  to   the  difference  in   the    amount  of  the  fSi 
actually  consumed  by  the  animal  coincidently  with  the 
duction  of  such  different  amounts  of  milk,  is  far  from  defii 
and  trustworthy.     The  difference  in  the  amounts  of  consul 
tion  in  relation  to  production  will,  however,  be  much  less, 
will  less  materially  vitiate  estimates  of  manure-value  in  the 
of  herds ;  especially  if  the  individuals  are  selected  with  ordin 
judgment  as  to  milk-yielding  capacity,  and  period  of  lactati^' 
and  if  the  feeding  is  also  managed  with  judgment,  nnder 
guidance  of  experience. 

Although  information  is  wanting  to  enable  ns  to  conn^s?^^ 
with  numerical  accuracy,  the  great  differences  in  milk-yield       ^^ 
individual  cows  with  the  coincident  differences  in  consumptri^^ 
to  produce  it,  it  may  be  considered  as  satisfactorily  establiflk^^' 
by  the  resulte  of  ourselves  and  others  in  this  country,  that  m  ^>^ 
food  is  consumed  by  a  herd  of  cows  to  produce  a  fair  yield     ^J 
milk,  of  say  8  or  10  quarts  per  head  per  day,  than  by  an  eq*^^ 
live-weight  of  oxen  fed  to  produce  fattening  increase.'     In 
cases  supposed,  it  may,  for  practical  purposes,  be  assnmed  tl 


'  In  making  the  above  statement,  we  are  fully  aware  that  in  WoUPn  _. 
of  Standard  Itathnsy  he  assumes  that  milch  cows  will  consume  less  total 
matter  of  food,  and  also  less  of  digestible  nitrogenons  substance,  non-i 
genous  substance,  and  total  organic  substance,  for  a  given  live-weight 
day  than  fattening  oxen.  This  is,  however,  certainly  not  the  case  with  ' 
well-bred  and  liberally  fed  cows  in  this  country,  giving  good  yields  of 
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the  cows  would  consume  about  one-fourth  more  food  than  the 
oxen.  Accordingly,  in  our  estimates  of  the  value  of  the  manure 
obtained  on  the  consumption  of  food  for  the  production  of  milk, 
"we  have  assumed  that  one-fourth  more  will  be  consumed  by  1 ,000 
lb.  live-weight  of  cows  than  by  the  same  weight  of  oxen ;  but 
the  estimates  of  the  amounts  of  the  constituents  of  the  food 
removed  in  the  milk,  or  remaining  for  manure,  are  nevertheless 
reckoned  per  ton  of  each  food  consumed,  as  in  the  case  of  those 
relating  to  feeding  for  the  production  of  fattening  increase.  It 
may  be  added,  that  the  calculations  of  the  amounts  of  the  con- 
stituents in  the  milk  are  based  on  the  same  average  composition 
of  milk  as  is  adopted  in  the  construction  of  Table  I.  (p.  4),  and 
described  in  detail  in  the  letterpress  at  pp.  4-5.  Thus,  the  nitro- 
gen is  taken  at  0*579  (=3-65  nitrogenous  substance)  per  cent., 
the  phosphoric  acid  at  0-2175  per  cent.,  and  the  potash  at 
0'1875  per  cent.,  in  the  milk. 

Table  II.   (pp.   8-9)   shows  in  detail  the  estimate  of  the 
^^Diount  of  nitrogen  in  one  ton  of  each  food,  and  in  the  milk 
produced  from  its  consumption,  on  the  assumption  of  an  average 
yield  of  10  quarts  per  head  per  day ;  also  the  amount  remain- 
^^g  for  manure  the  amount  of  ammonia  corresponding  to  the 
^trogen,  and  the  value  of  the  ammonia  at  4cZ.  per  lb.     Similar 
Particulars  are  also  given  in  relation  to  the  phosphoric  acid  and 
^o    potash,  consumed  in  the  food,  removed  in  the  milk,   and 
f®naaining  for  manure,  &c.     This  table  will  serve  as  a  sufficient 
^lustration  of  the  mode  of  estimating  the  total  or  original  value 
^*  "the  manure,  derived  from  the  consumption  of  the  different 
^'^^ci^g  for  the  production  of  milk  in  the  case  supposed ;  that  is 
^^®^ timing  an  average  yield  of  a  herd  of  10  quarts  per  head  per  day. 
^Ve  have,  however,  made  similar  detailed  calculations  of  the 
■^^2  or  original  manure-value  (as  in  Table  II.  for  10  quarts),  on 
^^  ^temative  assumptions  of  a  yield  of  6,  8,  12,  and  14  quarts, 
P^5*   i^ad  per  day ;  and,  so  far  as  the  estimates  of  the  total  or 
^^^^^^inal  manure-value  are  concerned,  the  results  for  the  various 
**^ counts  of  milk-yield  are  given  in  Table  III.  (p.  10).     For 
^^^-parison  there  is  also  given,  in  the  first  column,  the  estimate 
**-^e  total  or  original  manure-value  when  the  foods  are  con- 
fer the  production  of  fattening  increase. 
So  much  for  the  plan  and  results  of  the  estimations  of  the 
or   original   manure-value  of  the  different  foods,  that  is 
xicting   only    the   constituents  removed   in   the   milk,  and 
:oning  the  remainder  at  the  prices  at  which  they  can  be  pur- 
r^^^-^ed  in  artificial  manures.     With  a  view  to  direct  application 
l>^ractice,  however,  we  have  now  to  endeavour  to  estimate  the 

{conlinucd  on  p.  11 
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Tablk  ll.—Eilimatea  of  the  Total  or  Original  Manur«-% 
Milk.     Taluatwna  on  the  OMumption  of  an  avera 
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Table  TIT. — Comparison  of  the  Esliniates  of  Total  or  Original 
Manurevfdue  when  Foods  are  consumed  for  the  Production  of 
Fattening  Increase^  icith  those  when  the  Food  is  oonsuTiud  iy 
Cows  givinfj  different  yields  of  Milk, 
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Consumption  of  Foods  fur  the  Production  of  MUk.  1 1 

^exhausted  manure-^alue  of  the  different  foods,  or  what  may  be 
Ued  their  compensation-value,  after  they  have  been  used  for  a 
ricMi  of  years  by  the  outgoing  tenant,  and  he  has  realised  a 
rtain  portion  of  the  manure-value  in  his  increased  crops.  In 
e  calcolations  we  have  adopted  the  same  scale  of  redaction  of 
e  manure-value  from  year  to  year  as  in  the  case  of  the 
anure  derived  from  the  consumption  of  the  foods  for  the  pro- 
iction  of  fattening  increase ;  and  we  must  refer  to  the  Section — 
Unexhausted  Mamure-vaJiue  of  Cattle  Foods  " — ^in  our  paper  in  the 
at  number  of  the  Journal,  for  further  comments  and  arguments 
I  the  subject.  It  will  suffice  to  state  here,  that  the  rule  is 
»  deduct  one-half  of  the  original  Tnanure-vaJue  of  the  food  used 
le  last  year,  and  one-third  of  the  remainder  each  year  to  the 
ghth,  in  the  case  of  all  the  more  concentrated  foods,  and  the 
K>t8 ;  in  fact  of  all  the  foods  in  the  list  excepting  the  hays  and 
16  straws;  and  for  these,  which  contain  larger  amounts  of 
idigestible  matter,  and  the  constituents  of  which  will  be  more 
owly  available  to  crops,  two-thirds  of  the  original  manure^ 
ilue  is  deducted  for  the  last  year,  and  only  one-fifth  from  year 
)  year  to  the  eighth  year  back. 

The  results  of  the  estimates  of  compensation-vaiue  so  made, 
re  given  for  the  five  yields  of  6, 8, 10, 12,  and  14  quarts  of  milk 
er  head  per  day  respectively,  in  the  five  Tables — IV.,  V.,  VI., 
^11.,  and  VIII.  (pp.  12-16).  In  each  case,  the  first  column 
bows  the  toUd  or  original  manure-value ot  the  food;  the  second 
de  allowance  for  the  last  year,  the  succeeding  seven  columns 
bat  for  each  year  back  to  tJie  eighth ;  and  the  last  column  gives 
lie  total  compensation-value  for  eight  years'  consumption. 

The  estimates  are  thus  fully  given  for  a  minimum  yield  of 
,  and  for  a  maximum  of  14,  quarts  per  head  per  day ;  also  for 
he  three  intermediate  amounts  of  8,  10  and  12  quarts.  The 
ange  of  the  results  will,  therefore,  probably  cover  all  the 
equirements  of  valuation  in  actual  practice.  It  may  be  added, 
hat  amounts  intermediate  between  any  two  of  those  provided 
or  in  the  tables  may  be  obtained  by  tiding  the  mean  of  the  two. 

Although  we  have  thus,  in  the  five  Tables  IV.  to  VTII., 
dopted  the  same  scale  of  reduction  fix>m  the  total  or  original 
oanure-value  from  year  to  year,  when  food  is  consumed  for  the 
production  of  milk,  as  when  the  consumption  is  for  fattening 
Dcrease,  it  must  be  borne  in  mind  that,  when  cows  are  fed  in 
beds  or  yards,  the  manure  is  generally  liable  to  greater  losses 
ban  is  the  case  with  fattening  oxen.  The  manure  from  the 
ow  contains  much  more  water  in  proportion  to  solid  matter 
ban  that  of  the  ox.     Water  will,  besides,  frequently  be  used 
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12  Tho  Valuation  of  the  Manures  oblained  by  the 

Tablb  IV. — Eslhnates  of  (he  Compensation- value  of  the  Unexhau*l«l 
when  Food»  are  conrntned  for  the  Production  of  MUk,  starling  from 
or  Originnl  Manure-value, 

' .  A»8U[ninK  >  yield  of  6  qnattB  of  milk  per  bead  pf  r  day. 
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\ — BsiimaieB  of  the  CompenecUiof^value  of  the  Unexhausted  Manwee  when 
^mreeon&umedfor  the  Prodwitum  ofMUk^  starting  from  the  Totalor  Original 

ire-value. 

8.  AfBiunlDg  a  yield  of  8  qnarta  of  milk  per  head  per  day. 
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The  VakuUion  of  the  Mcmvree  obtained  5y  ths 


Table  YI. — Estimates  of  the  CompensatioU'VcUue  of  the  Uhexhaueied  J 
when  Foods  are  cons^imed  for  the  Production  of  Milk^  atariing  fi 
Total  or  Original  Manure-value, 

3.  Assnming  a  yield  of  10  qnarta  of  milk  per  head  per  day. 
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DaDUCT  J  OF  Obiqinal  Man ube- value  the  Last  Year,  akd  \  from  Ybab  n 


One  Ton 

1.  Linseed   . 

2.  Linseed  cake   . 
g  f  Decorticated   ^ 

'  t  cotton  cake    ; 
4.  Palm-nut  cake 
-  f  UndecorticVd 


£    «.   d. 

19    6 
2    3  10 


3    7 
0  19 


"•  \  cotton  cake   ]  }  ^^ 

6.  Cocoa-nut  cake  !  1  13    9 

7.  Rape  cake        J  2  11    7 


8.  Peas 

9.  Beans 

10.  Lentils     . 

11.  Tares  (seed) 

12.  Indian  com 

13.  Wheat     . 

14.  Malt 

15.  Barley 

16.  Oats 

17.  Rice  meal 


19  6 

1  14  11 

1  13  9 

1  14  2 


0  9  11 
0  12  1 
0  10 
0  10 
0  13 
0  12 


18.  Locust  beans  .  !      — 


19.  Malt  coombs    .'206 

20.  Fine  pollar.i    .  1 1     8    8 

21.  Coarse  pollard    !  1  12    0 

22.  Bran         .        .  !  1  13    1 


£    «.  d. 

0  14  9 

1  1  11 

1  13  8 

0  9  9 

0  19  7 

0  16  11 

1  5  10 


£     I.    d.    I.      <f.     «.    d. 


0    9  10 

0  14  7 

12  5 

0    6  0 

0  13  1 

0  11  3 

0  17  3 


6    7    4    5 
9    9  16    6 


4    4 
14  11    9  11    6    7 


».  d.  $.  d, 
2  11  I  11 
2  11 


4    4 

8    9 


2  11    1  11 


4    5 


«.    4. 


2  11    1  11 


1    3   0  10 


5  10   3  11    2    7    1    9 


7     66    0   3    4l2    3 
11     6785135 


0  14  9 
0  17  6 
0  16  11 
0  17     1 


0  9  10 
0  11  8 
0  11  3 
0  11     5 


6    7    4    5 


I 


2  11    1  11:1 


7    9    5    2   3     5    2    3 


7     6    5    0 
7     7    5     1 


3     4    2     3 


3    5 


0  5  0   0  3 

0  6  10  4 

0  5  4   0  3 

0  5  3,0  3 

0  6  8!o  4 

0  6  0   0  4 


4 
1 
7 
6 
5 
0 


1     0  3 1 0  13  6 

0  14  4 1 0    9  7 

0  16  0  i  0  10  8 

0  16  7;0  11  1 


2  3  16 
2  9  ,  1  10 
2  5  17 
2  4  17 
2  11  1  11 
2    8    19 


2    3 


10  0  8 
I  3  0  10 
110  9 
1     1.0    9 


I     3 
1    2 


1 

6 

1 

6 

1 

6 

0 

5 

0 

7 

0 

6 

0 

6 

0 

7 

0  10 

0    9   0    6 


9    0 

6  5 

7  I 


I 


6  0 
4  3 
4    9 


4    0   2    8    19 

2  10  I  1  11  1 1     3 

3  2    2     11     5 


I    t 

0  10 
0  11 


7     5    4  1l!3    3    2    21     60  11 


Deduct  §  op  Original  Makure-value  the  Last  Year,  and  I  from  Y»ab  i 


One  Ton 

23.  Clover  hay       .1     3    7 

24.  Meadow  hay    .  I  0  15    5 


25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


0  9  3 

0  4  1) 

0  4  2 

0  4  4 

0  9  2 


0    7  10,0    6     3 
0    5     2   0    4    2 


0  3     10    2     6 

0  17   0     13 

0  15012 

0  1     5,0     I     2 

0  3     10    2    6 


5 

0 

3 

4 

2 

0 

1 

0 

0 

11 

0 

11 

2 

0 

4     0   3     2 
2    8|2    2 


17    1     3 
0  1010    8 


0    9 

0  9 

1  7 


0 
0 
1 


7 
7 
3 


2     612    0 
1     9    1     5 


1 
0 
0 
0 

1 


0 
6 
6 
6 
0 


0  10 
0  6 
0  6 
0  6 
0  10 


1    7 
1    2 


0 
0 
0 
0 
0 


8 
4 
4 
4 
% 


32.  Parsnips  .        .  i 

33.  Mangel  wurzels  ' 
S4,  BweaiBh  tvamipB  l 
85.  Yellow  tumipB     1 
'6.  Wbite  tamipe .  |  1 


1  12 

6 

0  16 

3 

1     2 

6 

0  11 

3 

1     8 

4 

0  14 

2 

1     7 

6 

0  13 

9 

5  10' 
1     8 


n  u 


0    ^ 


10  10\0    1 


2    610  u    a\o    1 


Deduct  ^  of  Original  Manure- value  the  Last  Year,  and  ^  from  Ysar  i 

Ten  Tons 
30.  Potatoes  .        .     1  12    6   0  16     3   0  10  10 
81.  CaiTOts    .        .1260  11     3076 

0    9     5 
0    9    2 


4  10   3     3,2 
3     4   2    3   1 


4     2|2    9 

4     12    9 
^1012    7 


^X'i    W 


.^Vl 


0  11 
0  8 
0  10 

0  t 
0    f 


^X'i*    Vv\    VvV  V«^  ^ 


OcnnaiiipHon  of  Foods  far  the  Pfodueiion  of  Milk.  1 5 


[I. — SsHnuUes  of  the  Compensation-value  of  the  Unexhausted  Manwres 

Foods  are  consumed  for  the  Production  of  Milky  starting  from  the  Total  or 

tal  Manure-valiie, 

4.  AasqmiDg  a  yield  of  12  qnarts  of  milk  per  bead  per  day. 


6a 


Total  or 
original 
manure- 

valne, 
dcdactinfr 

consti- 
tocnta In 
milk  ouly 


Gompenntion-Talue  of  nnexhausted  mannres 


Last 
year 


Second 
year 


Tiiird 
year 


Fourth 
year 


Fifth 
3ear 


Sixth 
>car 


SVnthElRbth 
year  ;  year 


ToUl 


t  OP  Oriqixal  Mamube^valub  the  Last  Ybab,  akd"^  from  Yjab  to  Ykab 


tan 
I     . 
I  calce 


I 


£ 
1 
2 

3 


7 
1 


on  cake) 

mt  cake  0  17 

orticVd)  ^  ^j 

nut  cake  1  12 

■ke        .  2  10 


[ieed) 


ooni 


d 
1 
9 

4 

9 

6 

3 
4 


1     7  8 

1  13  1 

1  12  2 

1  12  6 


0    8  1 

0  10  5 

0    9  0 

0    8  8 

.  !0  11  7 

.    0  10  6 


£     «. 

0  13 

1  0  11 


d.\£ 
7   0 


d. 


I  12  8 
0  8  11 
0  18    9 


0  16 

1  6 


2 
2 


0  13  10 
0  16  7 
0  16  1 
0  IG     3 


s. 

9     1 
0  13  11 


119 
0  5  11 
0  12    6 


0  10 
0  16 


9 
9 


0  9  3 
0  11  1 
0  10  9 
0  10  10 


0  4  1 
0  6  3 
0    4    6 


0  2  9 
0  3  6 
0    3    0 


0    4     4   0    2  11 


0    5  10 
0    6     3 


oombs  .  1  18  11 
ollaid  .1  6  11 
pollard  1  10  6 
1  11     8 


0  19  6 
0  13  6 
0  16  3 
0  15  10 


0    3  11 
0    3     6 


«. 

d. 

6 

1 

9 

3 

14 

6 

3 

11 

8 

4 

7 

2 

11 

2 

6 

2 

7 

5 

7 

2 

7 

3 

1 

10 

2 

4 

2 

0 

1 

11 

2 

7 

2 

4 

I.    d. 

4     1 


6 
9 
2 
5 

4 

7 


2 
8 
7 

7 

9 
6 


4  1 
4  11 
4  9 
4  10 


0  13  0 

0    9  0 

0  10  2 

0  10  7 


8  8 

6  0 

6  9 

7  1 


1 
1 
1 
1 
1 
1 


3 

7 
4 
3 
9 

7 


2 
4 

6 

1 

3 


d,    s, 
9'  1  10 
12     9 


d.    i,    d.  >  t.    d. 


9 
9 


1 
2 


3  2 

4  11    3 


2  9 

3  3 
3  2 
3  8 


0  10 

1  1 
0  11 

0  10 

1  2 
1     1 


3 

2 

6 

1 
3 


1  10 

2  2 
2  1 
2    2 


5  9 

4  0 

4  6 

4  9 


3  10 

2  8 

3  0 
3    2 


0 
0 
0 
0 
0 
0 


7 
9 
7 
7 
9 
9 


1     3 

1  10 

2  10 

0  9 

1  8 


1 
2 


6 
2 


1  3 

1  6 

1  5 

1  6 


2  7 

1  9 

2  0 
2  1 


0 
0 
0 
0 
0 
0 


5 
6 
6 
6 
6 
6 


0  10 

1  3 

1  11 

0  6 

1  1 

0  11 

1  5 


0  10 
0  11 
0  11 
0  11 


0 
0 
0 
0 
0 
0 


3 
4 
3 
3 
4 
4 


£    i, 
1  19 

3  0 

4  14 

1  6 

2  14 

2  6 

3  12 


d, 
6 
2 

0 

6 

2 

6 
3 


2  0    0 

2  7    9 

2  6    4 

2  6  11 


1  9|1    2 

1  2:0       9 

1  4.011 

1  6   0  11 


0  12  0 
0  15  4 
0  13  0 
0  12  6 
0  16  10 
0  16    4 


2  16    3 

1  18  10 

2  3  11 
2    6  10 


\  ow  Original  Manube-valub  the  Last  Year,  and  J  from  Year  to  Year 


XVm 
bay      .12    8 

w  bay    .    0  14    5 


straw 
straw 
dimw 


0  8  5 

0  4  0 

0  3  6 

0  3  9 

0  8  7 


0    7    7 

0    6     1 

0    4  10 

0    3  10 

0    2  10 

0    2     3 

0    14 

0     1     1 

0     1     2 

0    0  11 

0     13 

0    1     0 

0    2  10 

0    2     3 

4  10 

3  10 

3     1 

2     6 

3     1 

2     6 

2    0 

1     7 

1  10 

1     6 

1     2 

0  11 

0  10    0    8 

0    6 

0    5 

0    9  lO    7 

0    6 

0    5 

0  10    0    80    6!0    5 

1  10 

1     6 

1    2 

Oil 

1  11 

1     0 


6 
1 


0    9  0 


0  11  10 
0  5  6 
0  4  11 
0  5  8 
0  11  10 


^  OF  Oriqinal  Manure- value  the  Last  Year,  and  ^  from  Year  to  Year 


IVmis 


r, 


1  10  10 


wmaelB 
riitamips 
rtnmlpt  ,. 


1 
1 
1 
1 
I 


0  15 

5 

0  10 

6 

0  13 

4 

0  12  11 

0  12 

1 

0  10 

6 

0  10 
6  8 
6  10 
4  2 
0  10, 
1    8/0  10  10: 0 


0 

10    3 

0 

6  11 

0 

8  11 

0 

8    7 

0 

8    1 

0 

6  11 

0 

7    3 

6  10 

4  7 

5  11 

5  9 

6  6 
4  7 
4  10 


4  .7 
3  1 
3  11 
3  10 
8  7 
3    1 


3 
2 
2 
2 
2 
2 


3    8   2    2\l    ^\0\\ 
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The  Valuaivin  of  the  Manurei  oltained  by  iU 

Table  VlU.—Egtimat'-.a  of  (/w  Comx>tiv.at%on-va.lm  of  Ok*  VnKtihamUA  tfwJ 

K^,e«  Foods  are  tomum^foT  the  Production  of  Milk,  »(ai-(ity-  from  (b  fil 

or  Ori'iinal  Mannre-vahii^.                                                                                          1 

n.  A»siinime  «  yield  of  H  qoarta  of  milk  per  hfriwl  p^r  .U».                      J 

Coa>l«Mal!Dii-T»lno  0 

r«a»           1  .iX'lS.B 

1                   1 

UM      1    Ewoi-1       Tlilra   F«.iit1,  Pltth    Rl.th   -rT-nll 

wm 

«a..«i. 

1 

Deditox  i  ar  llR 

jiSAL  JUhjub-valuk  thk  Last  Ybab.  and  i  fbom  Ykak  i4  »| 

*     rf 

-.    -|..    -. 

•.    d. 

L     t. 

1   L 

1.  Linseed  .        .    I    4    r. 

0  la     3l0     8     2l  S     E 

2,  Liuieed  cako   .     I  I'J    8 

0  1!)  10    0  13     3|  8  10 

-r  Decorticated    (I,     ,    , 

n   6 

4.  Pal  m-nnt  cake 

0  ir.  11 

0    9    O'O     5     4    S     7 

,  I  t'ntleeortic'l'ci  i 

1   13  11 

0  18     OjO  12    0    8    0 

S     4 

»  '1"  » 

1    7 

I       1 

111 

1  10    G 

0  15    .3 1  0  10    2 

'  * 

7.  Rapecako 

2    »     1 

1     4     7   0  IS     fi 

10  11 

G  n 

7     3 

8.  Peaa 

1     E     !i 

0  12  11 

0    8     7 

3  10 

2     7 

1      SI 

I    S 

0    9 

UT 

1   U     4 

0  16    S 

0  10     B 

6  11 

4     7 

3     I 

2     1 

L     6 

U  11 

10.  Lentils     . 

1   10     1 

0  15     1 

0  10     1 

e  9 

4    a 

n.  Tares  (aeea)     . 

1  10    7 

0  15     4 

0  10     3 

6  10 

4    7 

3     1 

■1     1 

12.  Indian  cam      . 

0    6    5 

0     3     3 

0    2     2 

1    e 

0  11 

0    7 

0    5 

0    3 

0    i 

a  > 

13.  Whiiat      . 

0    8    8 

0     4     4 

0    2  n 

I  11 

1     H 

0  10 

0    7 

ti   n 

0   s 

0   a    G 

1     7 

1      1 

1)    11 

0    6 

0    4 

0  a 

IB.  Barley      . 

0    6  11 

0     3    8|0    2     4 

1     7 

1     1 

0    9 

t)    R 

0    4 

u   a 

0    9  10 

0    4  lliO    3     3 

2    2 

1   r, 

0  11 

0    7 

0    6 

(1     3 

17.  Bice  meal 

0    »     7 

0    4     4   0    2  11 

1  11 

I      3 

IS.  Lociut  beans   . 

— 

- 

2     B 

1     7 

I    1 

■" 

19.  Malt  coombs   . 

1  17     4 

0  18    8i0  12     5 

e  3 

fi   r. 

3    8 

ill 

20.  Fine  pollard    . 

1     S    3 

0  13    8,0    8     5 

B     7 

3     tl 

a   6 

I     B 

21.  Coano  pollard 

1   e  11 

0  14    6   0    3     7 

S     6 

4     3 

2  10 

1  11 

I     3 

0  n 

22.  Bran 

1  10    3 

0  16    2|0  10     1 

(i     9 

Deduct  \  ov  Oriuihal  Ma: 


2n.   Pea  straw 

26.  Oat  straw 

27.  Wheat  itrav 

28.  Barley  stiav 

29.  Bean  straw 


LiKprt;T  \  QV  OniolNAi.  Makui 


Last  Veah,  A_ND_i_* 


1  10 


0  10  0  8  0 

0  3   0 

filO    5|0    410  3   0 

a   0    5-  0    4    0  a ,  0 

S'l     2   0  n  !0  9   0 


30.  Poiatoes  . 
91.  Carrota    . 

32.  Parsnips  . 

33.  Uaugel  wnizcls 

34.  Swedubtanilps 
33,  yelhw  turnips 

S6.  White  turnips . 


1     0    2 

0  19    2 

1  6  in 


0  i)  710  G 
0  12  IllO  8 
0  12     1  ',  0    8 

0  11    alo   7 

0  10  O'lO  6 
0  10    0\0     6 


i\4    li\»\\\\\\\\   ■%i\<iV4\ji   1 


Centmiption  of  JEbods  fw  the  Produ^^  17 

tor  washingy  and  it  may  be  that  a  good  deal  of  the  manore  is 
washed  into  drains  and  lost.  In  the  event,  therefore,  of  a  claim 
for  compensation,  the  management  and  disposal  of  the  manare 
requires  the  attention  of  the  valuer.  Indeed,  the  varying  cir- 
comstances  that  will  arise  in  practice  must  be  carefully  con- 
sidered. Bearing  these  in  mind,  the  estimates  may  be  accepted 
as  at  any  rate  the  best  approximation  to  the  truth  that  existing 
knowledge  enables  ns  to  provide ;  and  they  will,  we  hope,  be 
f«iand  sufficient  for  the  requirements  of  practical  use.  Obviously, 
they  will  be  more  directly  applicable  in  the  case  of  cows  feeding 
entirely  on  the  foods  enumerated  in  the  list,  and  not  depending 
largely  on  grass ;  but  even  when  the  animals  are  partially  grass- 
fed,  the  value  of  the  manure  derived  from  the  additional  dry  food, 
or  roots,  may  be  estimated  according  to  the  scale  given. 

For  any  further  particulars  relating  to  the  general  question 
of  the  valuation  of  the  manures  obtained  by  the  consumption  of 

^     £x)d-6tnffii,  we  must  refer  to  the  full  discussion  of  the  subject 

[     in  onr  paper  in  the  last  number  of  the  Journal. 

John  Bennet  Lawes. 

[  Bothamited.  j^  jj^^^Y  GILBERT. 


BPOTTISWOOPE   AND   CO.,   KKW-8TRRET  SQUAItE 

LONDON* 


THE 


GROWTH    OF    SUGAR   BEET 


AND  THE 


MANUFACTURE   OP   SUGAR 


IN  THE   UNITED  KINGDOM. 


BY 

SIR  JOHN  BENNET  LAWES,  Bakt.,  D.C.L.,  Sc.D.,  F.R.S. 

AND 

SIR  J.  HENRY  GILBERT,  LL.D.,  Sc.D.,  F.R.S. 


FROM   THE 

JOUBNAL   OP  THE  ROYAL  AGRICULTURAL   SOCIETY  OF  ENGLAND, 

THIRD   SERIES,   VOL.  IX.  PART   II.  189S,  PP.  344-370. 


SPOTTISWOODE  &   CO.,  NEW- STREET  SQUARE,  LONDON. 

1898. 


IE  GROWTH  OF  SUGAR-BEET,  AND 
THE  MANUFACTURE  OF  SUGAR,  IN 
THE    UNITED    KINGDOM. 

Contents. 

PAGII 
tODUCTION 3 

R0THAM8TED  EXPERIMENTS  OX  SUGAR-BEET  IN   1S71-5        .          .  6 

BEET-ROOT   SUGAR   INDUSTRY   IK  SOME  COUNTRIES  ON  THE  CX>N- 
riNSNT   OF  EUROPE H 

7JE  OP  SUGAR-BEET  ROOTS  ACCORDING  TO  THEIR  COMPOSITION     .        16 

VTH  OF  SUGAR-BEET,  AND  THE  MANUFACTURE  OF    SUGAR  FROM 

IT,  IN  THE  UNITED  STATES 22 

SRAL  CONCLUSIONS 24 

Introduction. 

OILY  thirty  years  ago,  Mr.  James  Dancan  established  a 
^  factory  at  Lavenham  in  Saffolk,  and  made  arrangements 
I  farmers  in  the  locality  to  grow  sugar-beet,  for  which  he 

to  pay  them  about  20^.  per  ton,  delivered  to  the  factory. 

believe  that  Mr.  Duncan  commenced  operations  in  1869, 

closed  his  factory  in  1873.  From  results  kindly  furnished 
B  by  Messrs.  Newlands  Brothers,  it  would  appear  that  there 

considerable  advance  from  year  to  year  in  the  quality  of 
Jroots  grown.  Thus,  the  analyses  of  numerous  lots  in  1869 
ved  an  average  of  839  per  cent,  of  sugar ;  of  several  lots  in 
0  of  9*19  per  cent. ;  of  five  lots  in  1871  of  1059  per  cent. ; 

of  twelve  lots  in  1872,  an  average  of  11*84  per  cent,  of 
^  in  the  roots.     It  may  be  added  that  among  the  twelve 

analysed  in  1872,  the  lowest  percentage  was  8*27,  and  the 

a2 
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4  The  Growth  of  Sugar-beet^  and  the 

highest  15*15;  whilst  four  gave  over  13,  two  between   12  and 
13,  and  two  between  11  and  12  per  cent. 

Various  local  difficulties  have  been  alleged  as  contributing 
to  Mr.  Duncan's  want  of  success  in  his  endeavours  to  establish 
the  growth  of  sugar-beet,  and  the  manufacture  of  sugar  from  it, 
at  Lavenham ;  but  one,  if  true,  seems  quite  sufficient  to  account 
for  the  result,  and  it  should  be  very  carefully  considered,  and 
taken  as  a  serious  warning,  in  any  future  undertakings  of  the 
kind.  It  is  said  that  with  a  requirement  of  at  least  30,000 
tons  of  roots  to  work  his  factory  profitably,  Mr.  Duncan  finally 
could  only  obtain  about  7,000  tons.  The  fact  appears  to  be, 
that  the  farmers  did  not  sufficiently  modify  their  rotations  to 
secure  an  adequate  supply  of  roots ;  and  even  in  some  cases 
they  used  for  feeding  purposes  what  they  had  grown,  if  other 
feed  was  scarce. 

The  question  of  the  suitability  of  our  climate  for  the  pro- 
duction of  the  crop  for  the  purposes  of  the  manufacture,  and 
also  that  of  the  efiects  of  difierent  manures  on  the  growth  or 
the  crop  and  on  its  richness  in  sugar,  led  us  to  undertake  some 
experiments  at  Bothamsted  on  the  subject.    As  will  be  ex- 
plained more  in  detail    further    on,  the    experiments    wer^ 
commenced  in   1871   and  continued  for  five  years.     In  th^ 
autumn  of  1871,  one  of  us  who  had  previously  visited  Mr^ 
Duncan  at  Lavenham,  went  there  to  learn  what  progress  ha( 
been  made,  and  was  kindly  guided  and  supplied  with  mucls — 
information  by  Mr.  William  Biddell.     From  Lavenham  he  went^ 
on  to  visit  some  of  the  chief  sugar-beet  districts  in  Grermany^ 
Austria,  France,  Belgium,  and  Holland;   and  continued   the^ 
inquiry  in  the  autumn  of  1872.     Full  notes  were  taken,  and  lu- 
full  report  was  written,  embodying  the  information  acquired^ 
but,  owing  to  the  unfortunate  collapse  of  Mr.  Duncan's  most^ 
laudable  enterprise  at  Lavenham,  the  report  was  never  pub — 
lished ;  and,  for  the  same  reason,  the  results  of  the  Bothamsted 
experiments  on  the  growth  of  sugar-beet  by  difierent  manures, 
and  over  several  seasons,  attracted  very  little  attention. 
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During  the  last  few  years,  however,  the  subject  of  the 
growth  of  sugar-beet,  and  the  establishment  of  factories  for 
the  manufacture  of  sugar  from  it,  in  this  country,  has  been  very 
much  discussed ;  and  we  have  been  requested  to  write  a  paper 
on  the  present  position  of  the  question.  At  first  sights  it 
certainly  seems  somewhat  remarkable,  that  with  a  price  in  our 
markets  of  raw  beetroot  sugar  (of  880  per  cent,  purity),  of 
about  23Z.  10^.  per  ton  in  1870,  of  about  25Z.  in  1873,  and  of 
about  24tl,  in  1874,  Mr.  Duncan's  attempt  to  introduce  the  crop 
and  the  manufacture  into  the  country  failed,  and  yet  at  the 
present  time,  with  the  price  of  sugar  only  about  9i.  per  ton, 
very  sanguine  expectations  of  the  success  of  such  an  enterprise 
are  put  forward,  and  the  scheme  is  strongly  advocated  as  a 
means  of  resuscitating  agricultural  prosperity. 

Our  own  early  experiments  were  not  arranged  with  a  view 
to  affording  exact  models  for  adoption  in  the  growth  of  the  crop 
for  sugar-making,  but  were  conducted  much  on  the  lines  of  our 
other  experiments  on  root-crops.  The  results  do,  however,  as 
will  he  seen,  supply  much  valuable  information  on  the  efiects  of 
diflFerent  manures  on  the  quantity  and  on  the  composition  of 
the  crop,  and  so  aiford  important  data  as  to  its  manurial  re- 
quirements. For  direct  application  to  practice  in  the  growth 
of  the  crop  for  sugar-making,  the  amounts  of  nitrogenous 
manures  used  were  too  large,  and  the  distances  apart  from 
plant  to  plant  were  too  great ;  conditions  leading  to  over- 
luxuriance  and  to  imperfect  maturing  of  the  individual  plants. 
We  have,  however,  undertaken  some  experiments  on  a  limited 
area  in  the  present  season ;  arranged  more  with  the  view  of 
obtaining  both  fair  luxuriance  and  at  the  same  time  adequate 
ripening,  so  as  to  ensure  high  percentage  of  sugar;  and 
specially  with  a  view  to  the  latter  point,  we  have  obtained  from 
Messrs.  Vilraorin  &  Co.,  of  Paris,  seed  of  the  most  approved 
description  at  the  present  time. 

The  Rothamsted  Experiments  on  Sugar-beet  in  1871-5. 

The  experiments  made  at  Rothamsted  with  sugar-beet  were 
commenced  in  1871,  and  continued  for  five  years  in  succession 
to  1875  inclusive.  They  were  conducted  on  the  land  which  had 
been  devoted  to  the  continuous  growth  of  root-crops  (Norfolk 
Whites  and  Swedish  turnips),  from  1843  to  1870  ;  excepting 
that  in  the  three  years  1853-5  barley  was  grown  without 
manure  to  equalise  the  condition  of  the  plots  as  far  as  possible 
before  re-arranging  them  and  the  manuring. 

During  the  first  three  of  the  five  years  of  sugar-beet  the 
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arrangement  of  the  plots  and  of  the  manures  was  substantially 
the  same  as  daring  the  preceding  ten  years  with  Swedish  tur- 
nips, and  the  subsequent  years  with  mangel-wurzel.  But 
during  the  last  two  years  of  the  five,  neither  &rmyard  nor  any 
other  nitrogenous  manure  was  applied ;  the  object  being  to 
determine  the  effects  of  the  unexhaasted  residue  of  the  nitro- 
genous applications  during  the  preceding  three  years.  The  de- 
scription of  sugar-beet  grown  was  Vilmorin's  "  Green-top  White 
Silesian.'^  In  1871,  the  seed  was  dibbled  on  ridges  in  rows  26 
inches  apart,  and  10  inches  from  plant  to  plant  in  the  rows ;  in 
1872  and  subsequently  it  was  dibbled  on  the  flat,  in  rows  22^ 
inches  apart,  and  11  inches  apart  in  the  rows ;  the  plants  being 
moulded  up  afterwards.  The  roots  were  all  carted  oS,  and 
weighed ;  the  leaves  weighed,  spread  on  the  respective  plots,  and 
ploughed  in. 

Table  I.  (p.  7)  shows,  for  selected  plots,  the  manuring, 
the  average  produce  over  the  three  years,  of  root  and  of  leaf^  the 
average  percentages  of  nitrogen,  and  of  mineral  matter,  in  the 
dry  matter  of  the  roots,  and  the  average  percentages,  and 
amounts  per  acre,  of  sugar  in  the  roots  over  the  three  years, 
1871-3,  during  which  the  farmyard  manure  and  the  nitrogenous 
cross-dressings  were  annually  applied. 

It  will  be  seen  that  the  nitrogenous  cross-dressings,  which 
were  the  same  as  those  before  and  subsequently  adopted  for 
feeding  roots,  were  very  heavy ;  indeed,  much  heavier  than  is 
recognised  as  suitable  in  the  case  of  beet  grown  for  the  pro- 
duction of  sugar.  The  result  was  that  when  these  were  used 
in  addition  to  farmyard  manure,  the  produce  of  roots  per  acre 
was  large,  in  some  cases  about  twice  as  much  as  that  obtained 
in  the  growth  of  sugar-beet  for  the  manufacture  of  sugar  in 
Germany  or  France  at  the  present  time.  The  farmyard  manure 
alone  gave  an  average  over  the  three  years  of  16  tons  6  cwt.  of 
roots;  and  the  amount  was  raised  to  23  tons  16  cwt.  by  the 
addition  of  550  lb.  nitrate  of  soda,  containing  86  lb.  of  nitrogen ; 
to  22  tons  6  cwt.  by  400  lb.  salts  of  ammonia,  supplying  86  lb. 
of  nitrogen ;  to  24  tons  18  cwt.  by  2,000  lb.  of  rape-cake,  con- 
taining 98  lb.  of  nitrogen ;  and  to  25  tons  2  cwt.  by  rape-cake 
and  salts  of  ammonia  together,  supplying  annually  184  lb.  of 
nitrogen. 

The  Table  (p.  7)  shows,  however,  that  the  amount  of  sugar 
in  the  roots  in  neither  case  reached  12  per  cent. ;  but  it  was 
the  highest,  11*84,  with  the  farmyard  manure  alone  and  the 
smallest  crop,  and  the  lowest,  9*99  per  cent.,  with  the  fimn- 
yard  manure  and  the  heaviest  nitrogenous  cross-dressing,  and 
the  heaviest  crop.     The  roots  of  the  other  series,  with  inter- 


Table  I. — Sliovnng  (Aa  Qwmtity  and  Composition  of  the  Prodwsa 
of  Sugar-beet,  with  Different  Detcriptions  and  Amounts  of  Manure. 


etudud  mutUTM  Add  DtDB-drcBlagi 

Plot 

==BB  lb. 

Strict  t.      iOO  lb.' 
4U0  tb.      Kits  of 

mtrogeni=l94lb. 

&rt«S. 

Pboduok  oir 

Boots 

FBR  AOBE. 

1 

H  tons  farmyard  manrire     . 
SnperphoBphate   . 

IS    s' 

5  IS 

6  18 

23  la' 

22    6 

13     9 
U  19 

B5    2' 

17  16 
22    3 

lOMOWl. 

21  IS 

s 

4&6 

19  11 
18  17 

le  6 

17  17 

Pbodcce  of  Lhaj 

PBB  AOBB. 

1 

14  KHU  fuDi;atd  (aanure    . 
Snperphosphato   . 

i   6 

1     9 

1    7 

8    9       8    1 

G     4  1     4  10 
B    £  1     3  10 

9  13 

G    8 

6 
4i6 

9     1 

7  le 

4    3 
3  13 

NiTBOGKN  PBB  Cent,  in  the  Dry  Mattbr  of  t 

IB  HOOTS. 

1       14  toes  farmyard  mHnure '  , 

'*0-"3'  ""l^i'  ""i^" 

0-68        0-96    1     I'OO 
UB8        0-95        0-84 

n^zT 

ptrMiit, 

6      Saperpbospliate   . 
ili6   Superphoaphato and  potash 

l-CB 
127 

0'88 
083 

lllK 

BEAi,  Mattrb  (Ash)  peb  Cest.  in  t 

US  Dry  Hattubof  the  Boots. 

1 

14  toaa  farmjaid  manure     . 
Snpciphospliato  and  potash 

4'96 

3-85 
411 

6'B2 
noa 

6-13 

E-74 

C-37 

6-33 
5' 59 

G-42 

5 
Ak6 

3-97 
4-7G 

3-90 
4-54 

BuGiR  PER  CXNT.  IN  THE  BoOTS. 

1      14  tons  farmyard  manore    . 

11-84 

13-08 
12-97 

10-43 

1084 

9-99 

9-89 
10-66 

lO'Sl 

i&6   Superphosphate  and  potaah 

10-eo 

11'04 

1!88 
1216 

12-17 
12-07 

Sdq.^b  PBB  AOSB  I 


6,030 

3,8«G 

5,379      4.7S8 

1  ACBB  BV  yiTROOlKOUB  CftOBa-DBBaaiKOB. 


1 

14  tons  farmyard  mannre    . 

- 

1,190 

1,104 

],B32 
2,359 

1,321 

1.867 

G 
4Je6 

- 

2.930 
2,931 

2,1BS 
3,57fi 

2,(!7S 

3,084 

■  Th*  povutacH  ol  altcagsn  glTsa  In  tb 


(« to  Uu  scopi  Qt  IKIL  in^ , 


8  The  Qrcu'ih  of  Sugar-heety  and  the 

mediate  amonnts  of  crop,  had  also  intermediate  percentages  of 
sagar — namely,  10*42,  10-84,  and  10*81.  Further,  the  crop 
with  the  farmyard  manure  alone,  and  the  highest  percentage  of 
sugar  in  the  roots,  had  the  smallest  amount  and  proportion  of 
leaf,  aud  the  smallest  percentages  of  both  nitrogen  and  mineral 
matter  in  the  dry  matter  of  the  roots ;  whilst  the  crop  yielding 
the  highest  produce  of  root,  and  the  lowest  percentage  of  sugar 
in  the  roots,  had  the  highest  proportion  and  amount  of  leaf 
(9  tons  12  cwt.  per  acre),  and  the  highest  percentages  of  nitrogen 
and  of  mineral  matter  in  the  roots,  conditions  indicating  imma< 
turity.     To  these  points  we  shall  recur  again  presently. 

The  results  next  recorded  in  the  Table  show  the  amounts  of 
produce,  roots  and  leaves,  obtained  with  artificial  mineral 
manures,  both  when  used  alone  and  with  the  nitrogenous  cross- 
dressings  as  before  described.  The  Table  further  shows,  the 
percentages  of  nitrogen  and  of  mineral  matter  (ash)  in  the  dry 
matter  of  the  roots;  also  the  percentages,  and  the  amounts 
per  acre,  of  sugar  in  the  roots.  It  will  be  seen  that  the 
mineral  manure  used  on  plot  5  was  superphosphate  alone; 
and  on  plots  4  and  6  superphosphate  with  potash  in  addi- 
tion  (plot  4  having  soda  and  magnesia  also).  The  average 
produce  of  roots  with  either  of  these  mineral  manures  used 
alone,  was  5  tons  18  cwt.  per  acre ;  which  was  increased 
to  19  tons  11  cwt.  and  to  18  tons  17  cwt.  by  nitrate  of  soda 
=  86  lb.  nitrogen;  to  13  tons  9  cwt.  and  to  14  tons  19  cwt^ 
by  salts  of  ammonia =86  lb.  nitrogen  ;  to  16  tons  5  cwt.  and 
to  17  tons  17  cwt.  by  rape-cake  =  98  lb.  nitrogen;  and  to 
17  tons  15  cwt.  and  22  tons  3  cwt.  by  salts  of  ammonia  and 
rape-cake,  together  containing  the  excessive  amount  of  184  lb. 
of  nitrogen.  The  figures  further  show  that  there  was  a  greater 
produce  of  root,  though  not  of  leaf,  in  the  case  of  three  out  of 
the  four  cross-dressings  where  potash  was  used  as  well  as  super- 
phosphate; and  that  there  was  not  more  with  than  without 
potash  where  nitrate  was  used,  is  most  probably  explained  by 
the  fact  that  the  nitrate  distributes  rapidly  in  the  soil,  en- 
couraging a  greater  distribution  of  the  roots,  by  which  the 
plants  acquire  a  greater  command  of  the  potash  of  the  soil  and 
subsoil.  The  result  with  the  potash  is  fully  established  in  other 
experiments  ;  namely,  that  a  liberal  supply  of  it  tends  to  root- 
formation  and  maturation,  conditions  favourable  for  the  pror 
duction  of  sugar. 

The  percentage  of  sugar  in  the  roots  is,  with  one  exception, 
considerably  higher  where  the  mineral  manures  were  used  than 
where  farmyard  manure  was  employed,  whether  alone  or  with 
the  cross-dressings.     With  the  mineral  manures  used  alone, 


tianufiuiuTe  of  Sugar ^  in  the  United  Kingdom.  9 

388  than  6  tons  of  roots  produced,  there  was  in  one  case 

•  over,  and  in  the  other  very  nearly,  13  per  cent,  of  sugar 
)  roots ;  and  in  several  other  cases  there  was  nearly,  or 
12  per  cent.  As  in  the  case  when  farmyard  manure  was 
so  now  with  the  mineral  manures,  the  lowest  percentage 
;ar  in  the  roots  was  where  the  very  excessive  cross-dressing 
1  lb.  of  nitrogen  was  employed;  and  the  amount  and 
rtion  of  leaf  to  root  at  the  time  of  taking  up  the  crop  was 
arge,  showing  that  the  produce  was  immature.  In  order 
ness  of  sugar  per  cent,  in  the  roots  of  the  other  crops, 
those  with  the  cross-dressing  of  nitrate  of  soda,  yielding 
amounts  of  leaf;  whilst  the  roots  grown  with  the  cross- 
ngs  of  salts  of  ammonia,  or  of  rape-cake,  showed,  with 
rhat  smaller  crops  of  both  root  and  leaf,  the  highest 
itages  of  sugar.  It  is  perfectly  consistent  with  these 
s  as  to  the  percentage  of  sugar  in  the  roots,  that  in  the 
f  plots  4  and  6,  the  percentages  of  nitrogen  aud  of  mineral 
r  in  the  roots  were  the  lowest  with  the  mineral  manure 
and  the  highest  percentage  of  sugar,  and  the  highest  with 
excessive  nitrogenous  cross-dressing  and  the  lowest  per 
of  sugar.  Next  in  order  both  as  to  highness  of  per  cent, 
h  nitrogen  and  mineral  matter,  and  lowness  of  per  cent,  of 
,  came  the  roots  receiving  the  nitrate  as  a  cross-dressing ; 
Jie  roots  with  the  cross-dressing  of  ammonia  or  of  rape- 
especially  where  potash  was  supplied,  gave  the  lowest 

utages  of  nitrogen  and  of  mineral  matter,  and  the  highest 
ntages  of  sugar,  among  the  crops  with  nitrogenous  cross- 
ngs.  Lastly,  it  is  to  be  observed  that  with  the  nitrate, 
kits  of  ammonia,  and  the  salts  of  ammonia  and  rape-cake 
hier,  the  percentage  of  sugar  was  distinctly  higher  with  than 
ut  the  potash ;  whilst  where  rape-cake  alone  was  used  as  a 
dressing  (the  rape-cake  containing  potash)  the  percentage 
rar  is  nearly  the  same  without  and  with  potash  supplied. 

•  is  quite  evident  from  these  results,  that  the  amount  of 
yrown  depended  very  largely  upon  the  amount  of  nitrogen 
kble  within  the  Eoil ;  but  that  with  crops  forced  beyond  a 
n  moderate  limit  of  produce,  the  proportion  of  leaf  was 
[y  large,  the  percentages  of  nitrogen  and  of  mineral  matter 
)  root  relatively  high,  and  the  percentage  of  sugar  objec- 
t>ly  low ;  all  these  conditions  indicating  too  much  luxuriance 
lefective  maturity  at  the  time  of  taking  up  the  crop. 

he  Table  (p.  7)  further  shows,  however,  that  the  amount  of 

per  acre  also  much  depended  on  the  nitrogen  available 

n  the  soil .     Thus,  it  is  seen  tbat  when  farmyard  manure  was 

andard  manure,  notwithstanding  a  much  lower  percentage  of 
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Bugar  in  the  roots  with  nitrogenoas  cross-dressings  in  addition, 
there  was  from  a  fourth  to  a  third  more  sugar  per  acre  with  the 
cross-dressings  than  without ;  and  when  mineral  manures  were 
used  as  the  standard  manures,  there  was  in  eveiy  case  more 
than  twice,  and  in  some  nearly  or  quite  three  times,  as  much 
sugar  per  acre  with  as  without  the  nitrogenous  cross-dressings. 

The  bottom  division  of  the  table  shows  the  actual  increase  of 
sugar  produced  over  that  obtained  without  nitrogenous  cross- 
dressing,  by  each  of  the  four  cross-dressings,  under  each  of  the 
three  conditions  as  to  standard  manure.  This  increase  of  sugar 
produced  was  very  much  less  for  a  given  amount  of  nitrogen 
supplied  in  the  cross-dressings  when  they  were  used  with  the 
farmyard  manure  than  with  either  of  the  mineral  manures. 
With  the  nitrate  the  increased  production  of  sugar  was  prac- 
tically identical  without  and  with  potash  in  the  standard 
manure ;  a  result,  as  already  referred  to,  most  probably  due  to 
the  great  solubility  and  rapid  distribution  of  the  nitrate  in  the 
soil,  leading  to  a  greater  root-development  in  the  lower  layers, 
thus  giving  the  plants  a  greater  command  of  the  available 
potash  of  the  subsoil,  and  so  far  rendering  them  less  dependent 
on  the  more  superficial  supplies  by  manure.  With  each  of  the 
other  three  cross-dressings  there  was,  however,  a  very  marked 
increased  production  of  sugar  with  potash  supply  compared  with 
that  without  it. 

So  much  for  the  average  results  obtained  over  three  years, 
in  our  experiments  on  sugar-beet  so  long  ago  as  1871,  1872, 
and  1873.  There  were  crops  of  less  than  6  tons  per  acre,  and  of 
more  than  25  tons.  The  percentage  of  sugar  in  the  roots  ranged 
from  over  13  to  under  10  per  cent.,  according  to  the  manuring, 
and  the  sugar  per  acre  in  the  roots  ranged  from  1,704  to  5,976 
lb.,  also  according  to  the  manuring. 

We  have  for  brevity  thus  given  only  the  average  results  for 
three  years,  instead  of  those  for  each  year  separately.  It  may 
be  stated,  however,  that  notwithstanding  the  accumulation 
within  the  soil  from  year  to  year  by  the  return  of  the  leaves  to 
the  land,  there  was,  with  the  higher  manures,  a  tendency  to 
reduction  in  produce  of  roots  per  acre  from  the  first  to  the  tiiird 
year ;  and  coincidently  a  tendency  to  higher  percentages  of  sugar 
in  the  roots,  especially  comparing  the  second  and  third  with  the 
first  season.  This  result  is  more  probably  due  to  the  climatic 
characters  of  the  respective  seasons,  than  to  the  condition  of  the 
land ;  but  it  would  occupy  too  much  space  to  attempt  to  connect 
the  differences  of  yield  and  composition  with  the  differences  of 
temperature  and  rainfall  in  the  three  seasons. 

With  the  foregoing  results  before  us,  it  will  be  of  interest  to 
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compare  or  contrast  them  with  those  obtained  in  some  of  the 
countries  where  sugar-beet  is  largely  grown,  and  sugar  is  largely 
manufactured  from  it. 


The  Beetroot  Sugar  Industry  in  some  Countries  on  the 

Continent  of  Europe. 

When  travelling  to  inspect  some  of  the  sugar-growing 
districts  of  Germany,  Austria,  France,  Belgium  and  Holland, 
in   1871  and  in  1872,  it  was  found  that  in  Germany,  where 
the   duty  was  paid  upon  the  weight  of  roots  submitted  to 
manufacture,  great  attention   was  paid  to  get  roots  of  high 
percentage   of   sugar  and  low   percentages    of    "  non-sugar" 
especially  of  nitrogenous  and  saline   matters,  which  reduced 
the   amount  of  crystallisable   sugar   obtained  in   the  manu- 
fiacture.     It    is   strictly   in    accordance    with  the  results    of 
oar  own  experiments  which  have  been  given,  that  roots  of  the 
desired  character  could   only  be  produced   by  restricting  the 
manuring,  and  by  other  methods  of  preventing  over  luxuriance, 
«nd  favouring  perfect  ripening  or  maturity ;  in  fact,  by  growing 
comparatively  small  roots  and  small  crops  per  acre.     Accord- 
ingly, strict  rules  were  issued  by  the   manufacturers   to  the 
^jrrowers,  for  the  manuring,  and  for  other  conditions  of  growth. 
One  of  these  was,  that  if  farmyard  manure  were  employed,  some 
other  crop,  of  feeding  roots  for  example,  should  be  taken  before 
^  crop  was  grown  for  sugar.     Then  the  use  of  nitrate  of  soda 
^as  practically  prohibited,  though  a  small  dressing  of  sulphate 
of  ammonia  might  be  used.     The  roots  were  to  be  grown  at  a 
limited  distance  between  the  rows,  and  between  the  plants  in  the 
rows.     In  no  case  was  it  found  that  the  rows  were  more  than 
18  inches  apart,  and  in  some  cases  the  distance  from  plant  to 
plant  in  the  rows  was  as  little  as  8  to  9  inches,  and  seldom  more 
than  10  or  12.     In  this  way,  by  limitation  of  the  amount  of 
Xiitrogenous   manure,  and  growing  the  plants  close  together, 
over   luxuriance  was   avoided,   and   ripe    roots,   with  a  high 
j>ercentage  of  sugar  and  low  amounts  of  nitrogenous  and  saline 
tnatters,   were  obtained.     The  average  amount  of  roots  sub- 
mitted to  manufacture,  and  chargeable  with  duty,  was  little 
Xnore  than  1 1  tons  per  acre. 

In  France,  on  tbe  other  hand,  where  the  duty  was  then  paid, 
Xiot  upon  the  roots,  but  on  the  manufactured  sugar,  and  where 
t;he  manufacturer  was  in  a  greater  degree  dependent  on  his 
xieighbours  for  his  roots  than  was  the  case  in  Germany,  a  very 
opi>osite  system  had  grown  up.  In  the  North  of  France  at  that 
tune,  the  produce  of  roots  per  acre  was  about  double  that  of 

«  A. 
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Germany.  As  a  rale,  moet  of  the  manure  available  was  applied 
directly  to  the  beet  crops ;  the  other  crops  of  the  rotation  being 
grown  almost  without  direct  manure.  The  result  was,  that  the 
French  roots  were  much  larger  and  coarser,  contained  lower 
percentages  of  sugar,  and  higher  percentages  of  nitrogenous  and 
saline  matters,  than  the  German.  Under  these  circumstances, 
a  considerably  larger  quantity  of  roots  had  to  be  submitted  to 
manufacture  to  obtain  a  given  quantity  of  marketable  sugar,  and 
a  less  proportion  of  the  existing  sugar  was  obtained  in  that 
form.  Nevertheless,  the  French  system  undoubtedly  yielded 
more  sugar  from  a  given  area  of  land,  though  at  considerably 
more  cost  for  manufacture. 

Since  July  1884,  there  has,  however,  been  a  great  changi 
in  the  French  system.     From  that  date  Uie  duty  has  beeiK  paii 
upon  the  roots  instead  of  upon  the  sugar,  and  this  has  led 
the  necessity  of  producing  roots  as  rich  in  sugar  as  possible 
and  to  the  payment  for  the  roots  by  the  manufacturer  accordin 
to  their  richness  in  sugar ;  the  price  being  fixed  according 
the  density  of  the  juice.     It  has  thus  become  the  interest  of  th 
cultivator  to  grow   much   smaller  crops,   with   much   highe: 
percentages  of  sugar  than  formerly.     Much  more  attention  h 


also  been  paid  to  the  character  of  the  seed  sown,  so  as  to  obtaii 
roots  rich  in  sugar. 

Before  referring  to  more  recent  statistics,  it  may  be 
that,  according  to  records  quoted  at  p.  70  (2nd  edition)  of  Mi 
Sigmund  Stein's  pamphlet,  it  would  appear  that  during  the  h 
twenty-five  years  the  number  of  sugar  factories  in  Germany 
has  increased  from  about  300  to  about  400,  or  by  one-t 
The  quantity  of  beetroot  worked  has,  however,  increased  abou. 
five-fold ;  the  quantity  of  sugar  produced  from  seven  to  eight  fold 
and  the  yield  of  raw  sugar  per  cent,  on  the  roots  from  about  8- 

to  13i. 

The  following  Table  (II.,  p.  13)  gives  a  summary  of 
quoted  by  Mr.  Sigmund  Stein  at  pp.  69-71  of  his  pamphlet ;  th»  -^^ 
results  themselves  being  taken  from  the  ofBcial  statistic^^^ 
relating  respectively  to  Germany  and  to  France. 

Referring  to  the  figures  in  the  upper  division  of  the  Tabh 
relating  to  Germany,  it  is  seen  that  during  the  eleven 
1886-7    to    1896-7,    the    number    of    sugar    factories 
remained  comparatively  stationary.     On  the  other  hand, 
area  under  sugar-beet  has  increased  by  about  one-hal^ 
amount  of  roots  submitted  to  manufacture  by  more  than 
half,  and  the  amount  of  raw  sugar  produced  in  a  much  greate^^ 
proportion  still.     Naturally,  there  is  fluctuation  in  the  prodoe^^ 
of  roots  per  acre  finom  year  to  year  according  to  season ;  tls^ 
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lowest  amonnt  recorded  daring  the  eleven  years  being  10*7  tons 

in  1887  ;  the  highest  13*3  tons  in  1889  and  in  1894  ;  and  the 

average  of  the  eleven  years  amounts  to  12*1  tons.     Leistly,  the 

a>inoant  of  raw  sugar  produced  per  cent,  on  the  roots  varied 

^tiring  the  same  eleven  years  from  11*87  in  1886-7,  to  13*11 

1895-6,  with  an  average  over  those  eleven  years  of  12*38 

cent.     But,  it  will  be  seen,  it  is  stated  that  in  1884-5  the 

y^aw  sugar  obtained  per  cent,  on  the  roots  was  only  10*79,  and 

in  1885-6  only  10*43;  the  figures  showing  a  marked  increase 

^^ibsequently  to  those  years. 

Table  II. 


Number 

of 

sugar 

factories 


Area 

under 
sugar- 
beet 


Produce 

of  roots 

per 

acre 


Roots 

submitted 

to 

manufacture 


Raw 

Bugar 

produced 


Gebuant. 


, 

no. 

acres 

tons 

tons 

tons 

percent 

1884-5 

376 

— 

— 

10,402,688 

1,123,030 

10-79 

1885-6 

408 

~^ 

— 

7,070,317 

808,105 

10-43 

1886-7 

399 

684,193 

121 

8,306,671 

1,018,281 

11-87 

1887-8 

401 

661,816 

107 

6,963,91)0 

958,863 

1308 

1888-9 

391 

691.897 

11-4 

7,896,183 

990.890 

11-96 

a 889-90 

396 

762.259 

13-3 

9,822.635 

1,261,353 

12-36 

1890-1 

401 

824.825 

130 

10,623,319 

1.336,221 

1209 

1891-2 

40S 

861,583 

11-4 

9,488,002 

1,198,025 

1206 

1892-3 

403 

869,829 

11-3 

9,811,939 

1,230,834 

11-94 

1893-4 

401 

954,995 

111 

10,644,351 

1,366,001 

12-34 

1894-5 

405 

1,090,801 

13-3 

14,621,029 

1,827,973 

1215 

1896-6 

397 

930,749 

12-5 

11,672.816 

1,637,057 

1311 

1896-7     ; 

399 

1.049,881 

130 

13,721,601 

1,821,223 

12-66 

1 

Mean 

~" 

(121) 

— 

12-06 

France. 


J1884-6 

449 

359,864 

12-7 

4,566,796 

303,291 

6-66 

1885-6 

413 

283,987 

11-9 

3,385,439 

294,538 

8-70 

1886-7 

391 

379,331 

129 

4,897,079 

482,270 

9-85 

1887-8 

375 

397,512 

9-1 

3,614.632 

383.049 

10-60 

1888-9 

380 

425,373 

9-9 

4,222,967 

468,359 

10-85 

1889-90 

373 

472,821 

130 

6.676,051 

777,073 

11-64 

1890-1      1 

377 

547,808 

11-8 

6,499,906 

683.602 

10-52 

1891-2 

368 

651,965 

10-2 

6,628,804 

642,023 

11-41 

1892-3 

368 

528,156 

10  3 

6,472,891 

681.517 

10-63 

1893-4 

370 

543,645 

9-6 

5,250,192 

671,987 

10-89 

1894-5 

367 

596,806 

12  0 

7,137,736 

782,726 

10-97 

1895-6 

356 

605,868 

10-7 

6,411,484 

659,607 

12-19 

1896-7 

358 

608,370 

111 

6,705,000 

742,829 

11-08 

Mean 

— ^ 

11-2 

— 

10-46 

Raw  sugar 

per  cent. 

on  the 

roots 


To  form  an  estimate  of  the  amount  of  pure  sugar  yielded 
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per  100  of  roots,  it  is  obvious  that  deduction  would  have  to  be 
made  according  to  tlie  degree  of  purity  of  the  raw  sugar,  but  to- 
the  amount  so  reduced  there  would  have  to  be  added  the  sugar 
obtained  from,  or  remaining  in,  the  molasses. 

Turning  now  to  the  results  relating  to  France,  as  given  in 
the  lower  division  of  the  Table,  it  is  seen  that  there  has  been  a^ 
gradual  reduction  in  the  number  of  sugar-factories  during  the-' 
thirteen  years    commencing  with    1884-5,   and   ending   wifVi- 
1896-7 ;  that  is,  since  the  new  system  as  to  the  valuation  o^ 
the  roots,  and  the  resulting  changes  in  the  cultivation  an< 
manufacture,  have  been  adopted.     Notwithstanding  the  redue 
tion  in  the   number  of  factories,   there  has  been  a  grad 
increase  in  the  number  of  acres  under  the  crop  by  about  one 
half,  comparing  the  first  five  with  the  last  five  of  the 
years.     With  the  great  improvement  in  the  quality  of  the 


under  the  new  system,  the  produce  of  roots  per  acre  was,  on  th 
average  of  the  thirteen  years,  only  11*2  tons,  or  rather  less  thai 
the  yield  in  Germany,  and  only  about  half  as  much  as  in  F 


about  twenty-five  years  ago.  Nevertheless,  the  amount  of  rootac^^ 
submitted  to  manufacture  has  increased  by  about  one-hal^^fcf, 
comparing  the  quantities  over  the  last  five  years  with  those  of  th»>  ^^me 
first  five  of  the  thirteen  under  the  new  system ;  whilst, 
in  the  same  way,  the  raw  sugar  produced  has  increased 
more  than  one  half.  Lastly,  the  amount  of  raw  sugar  obtaine^^^sd 
from  100  of  roots  has,  under  the  new  system,  increased  durin  ^^Bg 
the  later  compared  with  the  earlier  years;  but  the  ave 


amount  over  the  thirteen  years  1884-5  to  1896-7,  for  whi^^sb 
there  are  corresponding  particulars  for  Germany,  show  onHUJj 
10*46  of  raw  sugar  obtained  from  100  of  roots,  against  12*0tZD6 
over  the  same  period  in  Germany.     In  any  reckoning  of  th     '^b 
total  amount  of  pure  sugar  yielded  per  100  of  roots  in  Frano"^  -  e» 
the  amount  obtimied  from,  or  remaining  in,  the  molasses,  wo 
of  course  havre  to  be  added  to  that  contained  in  the  raw 
but  the  total  yield,  in  raw  sugar  and  molasses,  would  still 
materially  less  than  in  Germany. 

From  the  foregoing  results  relating  to  the  sugar  industry 
Germany  and  France  in  recent  years,  it  is  obvious  that,  to  get    ^ 
high  yield  of  sugar  from  the  roots,  only  comparatively  low  yiel3^ 
of  roots  per  acre  can  be  obtained. 

It  has  before  been  stated,  that  twenty-five  years  ago  und^r 
the  restrictions  then  in  force  as  to  the  manuring  and  the  culti- 
vation of  the  sugar-beet  crop  in  Germany,  the  average  product 
was  not  more  than  about  11  tons  of  roots  per  acre;  but,  as 
the  Table  shows,  the  average  yield  over  the  eleven  years  to  1896-7 
was  over  12  tons.     The  increase  in  produce  per  acre  in  recent 


'^ 
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years  is  paitly  due  to  some  changes  in  the  manuring  and  culti- 
vation of  the  crop.  Formerly,  as  has  been  said,  sulphate  of 
ammonia  was  used  in  limited  amount  per  acre  ;  but  nitrate  of 
soda  very  seldom,  owing  to  the  reduced  coefficient  of  purity  of  the 
juice  when  it  was  employed.  More  recently,  however,  nitrate 
of  soda  has  been  more  and  more  used,  almost  to  the  exclusion  of 
sulphate  of  ammonia ;  the  difficulty  as  to  the  less  purity  of  the 
juice  of  the  beets  being  to  a  great  extent  obviated  by  growing 
the  plants  closer  together,  so  as  to  prevent  over-luxuriance 
and  ensure  the  ripening  of  the  roots.  To  maintain  and  to 
increase  the  percentage  of  sugar  in  the  roots,  great  attention  has 
also  always  been  paid  in  Germany  to  the  character  of  the  seed 
sown ;  high  character  being  attained  by  selection  of  the  roots  to 
be  grown  for  seed ;  and  in  recent  years  higher  and  higher  per- 
centages have  been  obtained,  so  that,  with  even  somewhat 
increased  weight  of  roots  per  acre,  the  percentage  of  sugar  in 
the  roots  has  been  increased,  and  that  of  the  '^  non-sugar " 
diminished.  The  result  is  an  almost  perfect  root  for  the  purposes 
of  manufacture. 

It  is  obvious  from  the  results  in  the  Table  (II.,  p.  13)  that 
since  the  new  system  of  purchasing  the  roots  according  to  their 
richness  in  sugar  has  been  adopted  in  France,  the  character  of 
the  roots  for  the  purposes  of  sugar-making  has  been  much  im- 
proved, and  their  produce  of  manufactured  sugar  has  been 
greatly  increased.  But  hitherto,  though  with  even  smaller 
crops,  as  has  been  shown,  a  less  yield  of  sugar  per  cent,  on  the 
roots  is  obtained  than  in  Germany. 

Value  of  Sugar-beet  Roots  ACcoRDns^G  to  their 

Composition. 

The  price  which  the  manufacturer  will  pay  for  roots  depends 
upon  two  factors : — First,  the  percentage  of  sugar  in  the  roots ; 
and,  secondly,  what  is  called  the  "  coefficient  of  purity  "  of  the 
juice.  It  is  said  that  some  German  factories  refuse  roots  con- 
taining less  than  10  per  cent,  of  sugar.  But,  whatever  the 
percentage  of  sugar  in  the  roots,  the  price  given  per  ton  depends 
largely  on  the  purity  of  the  juice."  The  degree  of  purity  of  the 
juice  means  the  percentage  in  the  dry  matter  of  the  juice  of 
sugar  as  indicated  by  the  polariscope.  In  other  words,  it  means 
the  percentage  of  sugar  in  the  total  dry  substance  of  the  juice. 

For  example,  if  the  percentage  of  dry  matter  in  the  juice 
were  found  to  be  16,  and  the  percentage  of  sugar  in  the  juice 
by  polariscope  were  12,  it  is  obvious  that  the  sugar  would 
represent  three-quarters  of  the  dry  substance ;  in  other  words, 
75  per  cent.      If,  on  the  other  hand,  the  percentage  of  dry.    ^ 
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matter  in  the  jaice  were  still  16,  and  that  oi  the  sugar  18^ 
the  percentage  of  sugar  in  the  dry  matter,  that  is  the 


of  parity  of  the  juice,  would  be  81*25.      Or,  to  give  another 
example,  if  the  percentage  of  dry  matter  in  the  juice  were  17 
and  that  of  the  sugar  were  15,  the  co-efficient  of  purity  of  th 
juice  would  be  88*24.     It  may  be  said  that  a  juice  of  a  puril 
of  80  per  cent,  or  more  would  be  considered  a  good  juice,  am 
the  price  of  the  roots  would  accordingly  be  high;    but 


with  a  juice  of  only  75  or  lower  per  cent,  purity,  would  com- 
mand a  lower  price  from  the  manufacturer,  even  although  the 
percentage  of  sugar  in  them  was  the  same  in  the  two  cases.    Ai 
example  of  this  may  be  given  from  the  scale  adopted  at  a  sngar:;^ 
factory  in  the  United  States,  which  will  be  referred  to  in  moi 
detail  further  on.     Thus,  roots  containing  12  per  cent,  of  sugai 
with  a  juice  of  80  per  cent,  purity,  were  paid  for  at  the  rate 
4  dollars  (=  16«.  8^.)  per  ton ;  whilst  roots  still  containing  12 
cent,  of  sugar,  but  with  a  juice  of  only  74  per  cent,  purity,  wei 
paid  for  at  the  rate  of  only  3  dollars  (=12^.  6d,)  per  ton. 

We  are  not  aware  of  authentic  records  showing  either  tl 
actual  average  percentage  of  sugar  in  the  roots,  or  the  actu^ 
scale  of  prices  paid  by  the  manufacturer  for  the  roots  accordii 
to  their  percentage  of  sugar,  and  the  purity  of  the  juice,  c 
recent  years  in  Germany ;  but  we  believe  that  when  the  pess^j-- 
centage  of  sugar  in  the  juice  is  above  a  certain  amount,  tl 
question  of  the  purity  of  the  juice  is  disregarded. 

The  following  Table  (III.,  p.  17)  is,  however,  founded  on  di 
given  by  Dr.  Carl  Stammer,  one  of  the  chief  beetroot  sugar  e] 
in  Germany,  which  were  published  some  years  ago.      He  gi^-  "^® 
results  for  thirteen  different  percentages  of  sugar  in  the  roo"""*8, 
fix)m  10,  lOo,  110,  11*5,  and  so  on,  up  to  160,  and  for  each        o{ 
these  percentages  at  six  different  degrees  cf  purity  of  the  jui^:::^- 
He  then  adopted  the  percentage  of  12  sugar  in  the  roots,  wl.^ 
a  purity  of  the  juice  of  80,  and  assumed  this  quality  of  root     ^s 
unity,  and  valued  it  at  2  francs  per  100  kilograms  (=220^  llr— J. 
Adopting  his  data,  we  have  given  in  the  Table,   in   Engli.^ 
money,  the  value  per  ton  of  roots  of  the  different  peroenta^^^ 
of  sugar  as  shown  at  the  head  of  the  columns,  each  at  the  six 
different  degrees  of  purity  of  juice. 

Of  course  the   actual  standard   price  of  roots  of  a  fixed 
quality  will  vary  considerably  from  time  to  time,  according  to 
the  price  of  sugar  in  the  market,  and  to  the  productiveness  of 
the  season,  and  other  local  circumstances.     But  the  lesson  to  bo 
learnt  from  the  Table  is,  how  great  may  be  the  difference  in  tbe 
value  of  the  roots  according  to  their   composition ;  that  is* 
according  to  their  percentage  of  sugar,  and  to  the  degree  of 
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purity  of  the  juice.  Roots  of  only  10  per  cent,  of  sugar  would 
most  probably  also  have  a  low  degree  of  purity  of  juice ;  and 
adopting  the  standard  price  upon  which  the  Table  is  based,  the 
value  of  the  roots  per  ton  would  probably  be  only  about  lis.  or 
12^.  If  the  percentage  of  sugar  in  the  roots  were  11*0,  the 
purity  of  the  juice  would  probably  be  somewhat  higher,  but 
still  low,  and  the  price  might  range  from  ISs,  to  lbs.  per  ton. 
If  the  percentage  of  sugar  were  120,  a  higher  condition  of  juice 
might  be  expected,  and  the  price  might  be  from  Ids.  to  lis.  per 
ton.  With  a  percentage  of  sugar  of  13  0,  there  would  again 
probably  be  a  higher  purity  of  juice,  and  the  price  per  ton  of 
roots  might,  on  the  scale  supposed,  be  from  178.  6d.  to  about 
208.  With  14*0,  150  or  16  0  per  cent,  of  sugar  in  the  roots, 
the  purity  of  the  juice  would  pretty  certainly  be  high,  and  the 
value  of  the  roots  per  ton  might  range  from  208.  to  258. 

Table  III. 


Sagar  in  the  Roota 

Ouotlcnt 

of  purity 

'       10-0 

11-0 

12-0 

13-0 

14-0 

15-0 

16-0 

'  per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

percent. 

1 

s.      d. 

*.      d. 

*.      d. 

i.      d. 

1.      d. 

s.      d. 

».      d. 

70 

11    11 

13     0 

14     2 

16     5 

16     7 

17     9 

19     0 

75 

12     8 

13   10 

15     3 

16     5 

17     9 

19     0 

20     4 

80 

13     6 

15     0 

16     3 

17     7 

19     0 

20     4 

21     8 

85 

14     6 

15     9 

17     3 

18     6 

20    2 

21     6 

23     1 

90 

15     3 

16     9 

18     3 

19  10 

2L     4 

22  11 

24     5 

95        1 

16     1 

17     7 

19     4 

20  10 

22    7 

24     1 

25     8 

Obviously,  if  the  standard  price  of  the  period  or  locality 
were  lower  than  that  adopted  in  the  construction  of  the  Table, 
ttie  price  per  ton  for  any  given  quality  of  roots  would  be  lower ; 
or  if  the  standard  price  were  higher,  so  would  the  price  per 
ton  of  roots  be  higher  for  any  given  composition  than  that  given 
in  the  Table. 

It  has  been  explained  that  the  system  in  France  before  1884 
was  for  the  manufacturer  to  purchase  the  roots  by  weight 
irrespectively  of  their  composition,  and  the  result  was  that  large 
crops  of  low  percentage  of  sugar,  and  doubtless  low  purity  of 
juice,  were  produced.  In  1884,  however,  the  system  being 
changed,  and  the  roots  from  that  time  being  paid  for  according 
to  their  composition,  much  smaller  quantities  of  roots  per  acre, 
but  with  much  higher  percentages  of  sugar  and  higher  quality 
of  juice,  have  been  grown,  and  accordingly  much  higher  prices 
kave  been  paid  for  the  roots. 

It  will  be  useful  to  give  an  illustration  of  the  condition  of 
things  in  France  prior  to  1884,  by  giving  a  summary  of  a  Tabla 
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published  in  1876  by  M.  Georges,  President  da  Cornice 
Agricole  of  Saint-Quentin,  at  a  time  when  the  importance  of 
payment  according  to  composition  had  been  recognised  and 
discussed,  though  not  definitely  established,  and  when,  as  a  first 
step,  it  was  proposed  to  value  the  roots  according  to  the  density 
of  the  juice.  M.  Georges  gave  a  Table  for  31  different  degrees 
of  density,  corresponding  to  fix)m  13*3  to  6*7  per  cent,  of  sugar 
in  the  roots ;  giving,  at  tibe  same  time,  the  yield  obtained  per  100 
of  roots  of  the  different  qualities,  and  the  price  per  1,000  kilos. 
(2,204^  lb.)  accordingly.  The  following  Table  (IV.)  is  constructed 
according  to  the  data  given  by  M.  Georges,  and  shows  the  value 
per  ton  of  roots  in  English  money  for  each  percentage  of  sugar 
in  the  roots  from  13  down  to  7. 

Table  IV, 


Sugar  in  the  roots 

Yield  of  sngar  in  the 
roots 

Proportion  of  the  total 
sngar  pelded 

Price  per  ton  of 
roots 

per  cent. 

per  cent. 

per  ceot. 

s.      d. 

13 

8-53 

66-6 

19     3 

12 

7-82 

651 

17     7 

11 

6-99 

63-5 

15     9 

10 

6-22 

62-2 

14     1 

9 

5-38 

59-7 

12     2 

8 

461 

57-6 

10    6 

7 

3-88 

66-5 

8    9 

The  first  point  to  observe  in  the  Table  is,  the  small 
proportion  of  the  total  sugar  in  the  roots  that  is  obtained  in 
the  manufacture ;  the  amount  being  only  65*6  per  cent.,  with 
13  per  cent,  of  sugar  in  the  roots,  and  as  little  as  55*5  per  cent, 
with  only  7  per  cent,  in  the  roots.  Accordingly  the  estimated 
price  per  ton  of  the  roots  was  19$.  3f2.  with  the  highest 
percentage ;  gradually  declining  with  each  lower  percentage  of 
sugar,  and  lower  proportion  of  the  total  sugar  yielded,  to  only  Si.  9<i. 
per  ton  with  only  7  per  cent,  sugar  in  the  roots,  and  the  much 
lower  proportion  of  the  total  sugar  obtained  in  the  manufacture; 
due,  doubtless,  to  the  much  lower  degree  of  purity  of  the  juice. 
The  much  lower  value  to  the  manufacturer  of  roots  not  only  lower 
in  percentage  of  sugar,  but  with  this  having  a  proportionally  lower 
degree  of  purity  of  Qie  juice,  and  giving  a  lower  yield  from  a  given 
percentage,  is  here  again  clearly  illustrated.  The  low  yields  of 
sugar  obtained  from  the  roots  on  the  old  system  in  France  is 
also  prominently  brought  to  view. 

The  following  illustrations  of  the  comparatively  large  produce 
of  roots  per  acre,  of  high  percentages  of  sugar  in  the  roots,  and 
of  high  prices  obtained  per  ton  for  them,  in  some  special 
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nstances,  since  the  new  law  has  been  in  force  in  France,  and 
he  roots  have  been  paid  for  by  the  manufSM^urer  according  to 
heir  percentage  of  sugar  as  determined  by  the  amonnt  in  the 
zpressed  juice,  are  of  interest,  and  are  in  striking  contrast  to 
hose  given  in  Table  IV.  (p.  18).  The  results  are  given  by 
^feasor  P.  P.  Deh6rain,  in  a  paper  published  in  1887 — and  in 
he  following  Table  (Y.)  the  quantities  he  gives  are  converted 
Qto  English  weights  and  money.  The  roots  were  grown  at 
^ardrecques,  Pas-de-Calais,  and  it  is  stated  that  the  first  four 
7ere  obtained  on  small  experimental  areas,  but  the  others  in 
surge  culture.  It  is  further  stated  that  the  conditions  were  in 
"very  respect  arranged  with  the  special  object  of  obtaining 
oots  of  the  highest  possible  quality  and  value. 

Table  V. 


Description  of  seed,  d:c. 


"Vilmorin,  1885   . 
188G    . 
^ippe,  1885 
„       1886 

^ilmorin  and  Dippe 

^ilmorin    . 
Bippe 


Per  cent. 

sugar 

in  the 

roots 


I)er  cent. 
16-3 

16-8 

14-7 
151 
16-4 
18-5 


Roots 
per  acre 


tons 
17 
15 
18 
18 
19 
18 
16 
14 


cwt. 

11 

19 

8 
11 

1 
11 

8 

3 


Sold  at 
per  ton 


t. 

31 


d. 
9 


31     11 


30 
27 


1 
8 


25  10 

27  5 

36  9 

50  2 

42  11 

34  4 


It  will  be  seen  that  in  the  cases  in  which  the  percentage  of 
igar  in  the  roots  is  given,  it  was  very  high ;  and  not  only  in  a 
ery  marked  degree  higher  than  in  the  range  assumed  in 
able  IV.  (p.  18),  relating  to  the  period  before  the  establish- 
ent  in  France  of  the  rule  of  payment  for  the  roots  according 
•  tlieir  richness  in  sugar,  but  also  in  some  cases  higher  than 
le  highest  assumed  in  Table  III.  (p.  17),  arranged  specially 
r  "Dse  in  Germany.  The  weights  of  roots  per  acre,  though 
>ry  much  lower  than  the  earlier  average  for  France,  are 
jvertheless  very  high  for  such  rich  roots,  and  much  higher 
sai  the  average  in  Germany ;  and  the  percentages  of  sugar 
e  also  considerably  higher  than  the  average  in  Germany  with 
ily  from  12  to  13  tons  of  roots  per  acre. 

It  is  true  that  the  above  results  were  in  a  certain  degree 
ily  experimentally  obtained ;  but  they  are  nevertheles  in- 
resting  and  instructive,  as  showing  what  may  be  done  when 
ifficiently  careful  attention  is  paid  to  the  essential  conditions 


20  Tlie  Grovcih  of  Sugar-beet j  and  the 

of  growth  to  obtain  a  good  reenlt.  The  prices  given  per  ton  of 
rootfly  which  are  stated  to  have  been  actually  paid  for  them, 
show  that  they  ranged  from  a  minimnni  of  25«.  lOd.  with  147 
per  cent,  of  sugar,  to  50«.  2d.  with  18'5  per  cent,  of  sugar! 
The  prices  were,  in  fSsu^t,  in  most  cases  one  and  a  half  time,  and 
in  some  twice,  as  high  as  was  proposed  for  roots  of  13  per  cent, 
sngar,  as  in  Table  IV.  (p.  18),  relating  to  the  condition  of  things 
before  the  change  of  1884.  It  is  at  any  rate  qaite  certain  that 
such  high  percentages  of  sugar,  with  such  large  crops,  could 
only  be  attained  under  exceptionally  favourable  conditions  as  to 
description  of  seed,  character  of  soU,  of  manuring,  of  climate, 
and  of  cultivation.  So  far  as  can  be  judged  from  the  particulars 
given,  the  manuring  consisted,  at  any  rate  in  some  cases,  of 
maize-cake,  and  in  others  of  sulphate  of  ammonia,  each  with 
superphosphate  in  addition.  Further,  the  most  approved  seed 
was  used,  and  the  plants  were  grown  very  close  together,  there 
being  between  eight  and  nine  per  square  yard. 

It  may,  of  course,  be  a  question,  how  fiur  examples  taken 
from  countries  like  Germany  and  France,  where  the  mannfiEU^turer 
of  sugar  is  subject  to  the  payment  of  heavy  duties,  and  where, 
on  the  other  hand,  heavy  bounties  are  given  on  the  export  of 
sugar,  are  any  safe  guide  as  to  the  probable  range  of  prices  that 
would  prevail  in  our  own  country,  if  the  growth  of  sugar-beet 
for  sugar,  and  the  manufacture  of  sugar  from  it,  were  established 
here  under  totally  different  fiscal  conditions. 

After  the  foregoing  had  been  sent  to  the  printer,  we  received 
Au  interesting  communication  on  the  conditions  of  sugar-beet 
cultivation  in  France  at  the  present  time,  which  has  been  very 
kindly  prepared  for  us,  in  answer  to  questions  we  had  submitted 
to  him,  by  Monsieur  E.  Tisserand,  formerly  Director  of  the 
Ministry  of  Agriculture,  Paris,  but  recently  retired,  and  now 
Honorary  Director.    . 

The  following  is  a  translation  of  the  document,  with 
the  quantities  converted  into  their  equivalents  in  EngUsh 
weights,  measures,  and  values  : — 

1.  Since  the  coming  into  force  of  the  Law  of  1884.  which 
imposed  the  tax  upon  the  beetroots  submitted  to  manufacture, 
certain  changes  in  the  methods  of  cultivation  have  become 
necessary.  The  rotation  remains,  however,  triennial  as 
before :  beetroot  manured,  wheat,  and  oats.  It  is  essen- 
tial that  the  organic  manures — farmyard  manure,  compost, 
poudrettes,  &c.,  should  be  put  on  the  land  as  soon  as  the 
preceding  crop  is  removed,  and  that  their  thorough  mixing 
with  it  should  be  completed  by  the  end  of  September,  so  that 
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thej  may  have  plenty  of  time  to  decompose  and  become  well 
incorporated  with  the  soil.  Without  this,  they  act  too  slowly 
on  the  vegetation,  and  so  prevent  the  maturation  of  the  roots 
at  the  time  required.  The  quantity  of  farmyard  manure  applied 
is  from  14  to  16  tons  per  acre ;  and  this  is  supplemented  in  the 
spring  by  the  application  of  from  3  to  5  cwt.  per  acre  of  bone 
or  mineral  superphosphate,  and  of  from  2^^  to  3  J  cwt.  of  nitrate 
of  soda.  If  the  soil  requires  potash,  this  may  be  advantageously 
supplied  by  from  IJ  to  1 J  cwt.  of  chloride  of  potassium.  The 
seed  is  sown  in  rows  about  16  inches  apart,  so  as  to  admit  of 
the  use  of  a  horse-hoe,  which  is  desirable  for  maintaining  the 
proper  condition  of  the  soil.  When  the  plants  have  developed 
four  leaves,  they  should  be  thinned  out,  leaving  one  every  10  or 
12  inches,  so  as  to  secure  seven  or  eight  per  square  yard,  and  by 
this  close  growth  to  prevent  the  individual  plants  attaining  too 
great  development,  which  is  always  injurious  to  the  quality. 

2.  The  beetroots  are  bought  according  to  the  density  of 
tlae  juice.  The  price  is  fixed  for  beetroots  showing  7**,  cor- 
r^esponding  to  14  per  cent,  of  sugar,  according  to  the  current 
I>Tice  of  sugar ;  the  deviation  ranging  from  3«.  3d,  to  58.  6d , 
«^ccording  to  the  locality,  and  to  the  competition  that  there 
ft^uently  is  between  the  buyers.  Example:  If  sugar  is 
"^orth  128.  per  cwt.  during  the  months  of  manufacture,  the 
^tiandard  price  for  roots  should  be  18«.  to  22».  per  ton  at  7** 
^^nsity ;  with  an  increase  or  reduction  of  6d.  to  7d.  for  every 
^^nth  of  a  degree  above  or  below  7**.  Generally  beetroots  with 
^  density  below  6*5  are  not  received. 

3.  The  quality  of  the  roots  is  very  variable,  and  depends 
^uch  on  the  conditions  of  the  weather  during  the  growth  of 
^lie  crop.  The  months  of  September  and  October  have  very 
^1-eat  influence  in  this  respect.  But  it  is  of  all  things  very 
^toportant  that  the  vegetation  should  be  continuous,  and  not 
buffer  any  check  during  the  hot  weather  of  July  and  August. 

4.  Beetroots  in  France  have  an  average  of  from  13  to  1 5 
)>er  cent,  of  sugar,  and  there  is  extracted  in  the  manufacture 
JVom  9^  to  12  per  cent.,  according  to  the  richness  of  the  roots, 
^nd  materially  also  according  to  the  methods  of  working  of  the 
Xnanufacturer. 

5.  In  the  estimates  of  the   amounts  of  sugar  extracted, 
of  at  least  99  per  cent,  purity  is  to  be  understood. 

6.  Statistics  show  that  in  France  the  general  average  of 
the  beetroot  crop  is  11  tons  3  cwt.  per  acre,  and  in  Germany 
12  tons  7  cwt.  But,  on  a  well  managed  farm,  14  to  16  tons  of 
it>ots  per  acre,  containing  from  14  to  15  per  cent,  of  sugar,  are 
not  seldom  obtained. 
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7.  The  average  price  paid  for  roots  during  recent  years  ha^ 
ranged  from  Ids.  6d,  to  over  21«.  per  ton,  with  a  density 
of7^ 

8.  The  capital-value  of  the  lai^d  is  from  48/.  to  64Z.  pe* 
acre,  according  to  district,  quality,  situation,  &c.  Accordin  j 
to  the  same  conditions,  the  rental  varies  from  22«.  6d.  to  42;.. 
and  45«.  per  acre.  For  some  years  the  price  of  white  sagaa 
No.  3  has  been  about  121.  4«.  per  ton  delivered  in  Paris;  ba 
varying  between  the  extremes  of  10/.  Ss.  and  13/.  8s. 
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from  it,  in  the  united  states. 


An  illustration  from  the  experience  so  far  gained  afber  a  f< 
years'  trial  in  the  United  States,  will  be  of  interest.  In  Jannacr 
of  the  present  year,  Professor  WoU,  of  the  University  of  WiS 
consin,  at  Madison,  published  a  report  on  "  Sugar-beet  Invesfc- 
gations  in  Wisconsin  in  1897,"  giving,  besides  others,  t~ 
results  of  more  than  two  thousand  experiments  on  the  grow— 
of  sugar-beet  in  that  year,  and  of  the  analyses  of  the  sample^.^ 

In  reference  to  the  question  of  the  Relative  Value  of  Be^^ 
of  Different  Vuriiies^  Professor  WoU  states  that  some  factor:5 
do  not  receive  beets  showing  less  thaa  80  per  cent.  porL* 
whilst  others  receive  them  at  a  reduced  scale  of  prices ;   and     Jr' 
quotes,  as  in  the  following  Table  (VI.,  p.  23),  the  schedule   oi 
prices  in  force  at  the  Oxnard  Beet  Sugar  Co.'s  Factory,    at 
Grand  Island,  Nebraska,  according  to  the  printed  contract  whici 
the  company  makes  with  the  sugar-beet  growers.     In  the  fourti 
column  we  have  given  the  equivalent  of  the  dollars  in  EngliHi 
money ;  in  the  fifth  the  values  on  the  assumption  of  205.,  and  in 
the  sixth  on  that  of  25«.  (instead  of  16^.  8d),  as  the  price  per 
ton  for  the  highest  quality  of  roots  given  in  the  Table. 

It  is  seen  that  roots  of  12,   13,  and  14  per  cent,  sugar 
respectively,  may  each  command  the  highest  price,  if  those  witi 

12  per  cent,  have  a  purity  of  not  less  than  80  per  cent.,  those  of 

13  per  cent,  of  not  less  than  78  per  cent.,  whilst  those  of  14  per 
cent,  are  taken  regardless  of  purity.  Roots  of  13  or  12  per 
cent,  sugar  have,  however,  a  gradually  declining  value  down  to 
3  dollars,  as  the  degree  of  purity  of  the  juice  declines  below  80 
or  78.  Further,  roots  with  only  11  per  cent,  of  sugar,  but  with 
a  relatively  high  degree  of  purity,  may  have  the  same  value  per 
ton  as  those  with  12  or  13  per  cent,  but  with  a  lower  degree  of 
purity.  Lastly,  as  the  bottom  lines  of  the  Table  show,  roots  with 
less  than  13  per  cent.,  less  than  12,  or  less  than  11  per  cent, 
and  with  low  degrees  of  purity,  would  be  worth  only  2^  dolltfs 
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^r  ton.  Thus,  roots  may  contain  from  12  to  13  per  cent,  of 
sugar,  and  yet  their  value  per  ton  may  vary  from  4  dollars 
^168.  8d.)  to  2*50  dollars  (lOs.  5d.)y  according  to  the  degree 
of  purity  of  the  juice. 

Table  VI. 


Beets  containing 

not  less  sugar 

than — 


12  per  cent. 
14        „ 

13  „ 


Degree  of  parity 
of  the  foioe 


80  per  cent. 
Regardless  of  parity 
I  Not  lower  than  78  p.c. 


13 

12 


•f 


13 

«» 

12 

♦' 

13 

f> 

12 

»» 

11 

♦♦ 

13 

i» 

12 

»» 

11 

»» 

Belovr  13  p.c.   , 

f> 

12    ,.     1 

It 

11    ,.     ' 

tt 
tl 


76  ., 

79  .. 

75  ,. 

78  „ 

74 


Prices  per  ton  of  roots 


American  scale 


dollars 
400 
400 
400 


I.  d, 

16  8 

16  8 

16  8 


1 


3-75 


/ 


3-60 


16    7 


14     7 


Assuming 


I  1 


*» 

•  ^ 

tt 

»» 

76 

tf 

t« 

78 

tt 

fl 

73 

»t 

»» 

74 

tt 

»f 

75 

tt 

ft 

73 

tt 

)t 

74 

It 

tt 

76 

tt 

>    3-25    I  13    6 


t, 
20 
20 
20 

d. 
0 
0 
0 

t. 
25 
26 
26 

d. 
0 
0 
0 

18 

9 

23 

6 

17 

6 

21 

10 

16 

3 

20 

4 

16 

0 

18 

9 

12 

6 

16 

7 

The  Table  does  not  assume  what  would  at  the  present  time 
be  considered  high  percentages  of  sugar  in  either  Germany  or 
France ;  and,  especially  with  the  lower  percentages,  the  degrees 
of  purity  are  also  low.  The  figures,  nevertheless,  illustrate  very 
clearly  the  importance  to  the  grower  as  well  as  to  the  manu- 
facturer of  high  quality  of  roots.  For  example,  let  us  assame 
that  a  crop  of  15  tons  per  acre  grown  from  high  quality  of  seed, 
with  the  land  in  good  condition,  appropriately  manured,  and  not 
less  than  nine  plants  to  the  square  yard,  might,  in  a  favourable 
season,  contain  not  less  than  13  per  cent,  of  sugar,  with  a  degree 
of  purity  of  78.  It  would  then  command,  according  to  the 
American  schedule,  16«.  8d.  per  ton ;  or  let  us  assume  20«.  per 
ton.  If  the  crop  reached  20  tons,  the  probability  is  that  the 
percentage  would  not  be  more  than  12,  and  the  degree  of  purity 
iiot  higher  than  74,  and  the  price  would  then  be  only  15s.  a  ton. 
Or,  if  the  crop  reached  25  tons,  the  percentage  of  sugar  would 
probably  not  exceed  1 1,  and  the  degree  of  purity  would  be  low ; 
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in  which  case  the  price  wonld  be  only  12s,  6d.  per  ton.  Oh 
these  assumptions  the  value  of  the  crops  per  acre  would  be  as 
follows : — 

15  tons  at  20#.  per  ton 15    0    0 

20  tons  at  15«.  per  ton 15    0    0 

25  tons  at  12«.  Gc^.  per  ton    .        .        .        .     15  12    6 

This  is  only  one  illustration,  on  certain  fixed  assumptions, 
which  by  no  means  exaggerate  the  probable  differences  in 
composition  and  value  of  such  crops.  Indeed,  the  probability 
is  that,  in  actual  practice,  the  differences  in  favour  of  growing 
comparatively  small  crops,  with  high  percentage  of  sugar  and 
high  purity  of  juice,  the  result  of  perfect  maturation,  would 
frequently  be  much  greater  than  the  figures  above  given 
suppose.  Then,  it  is  unlikely  that  crops  of  15  tons  per  acre 
could,  in  the  average  of  seasons,  be  grown  of  such  quality  as 
is  above  assumed ;  whilst  crops  ranging  from  12  to  15  tons,  if 
grown  from  suitable  seed,  and  under  suitable  conditions  as  to 
soil,  manuring,  and  cultivation,  would  probably  yield  roots  of 
higher  quality,  commanding  higher  rates  of  value  than  those 
above  supposed. 

General  Conclusions. 

One  of  the  first  questions  to  consider  in  forming  a  judgment 
as  to  whether  success  would  attend  an  extended  growth  of 
sugar-beet,  and  the  establishment  of  factories  for  the  manu- 
facture of  sugar,  in  this  country  is — at  what  price  of  sugar  is  it 
probable  that  such  an  enterprise  would  be  profitable  ?  Mr. 
Sigmund  Stein  estimates  that  400  factories,  each  costing  about 
50,000i.,  would  supply  all  the  sugar  required  for  consumption 
in  the  United  Kingdom.  Going  into  more  detail  he  says :  ^'  A 
sugar  factory  working  40,000  tons  of  roots,  the  crop  of  say 
3,000  acres,  would  produce  about  5,000  (5,200)  tons  of  sugar, 
and  would  cost  to  erect  about  60,000Z."  Giving  a  summary 
balance  sheet,  he  reckons  that  there  would  be  a  profit  of  over 
6  per  cent,  on  the  60,000Z.  capital,  if  the  price  of  sugar  were 
91.  per  ton,  of  14 J  per  cent,  if  10/.,  of  234  per  cent,  if  11/.,' 
and  of  3^  per  cent,  if  121.  per  ton. 

Besides  the  great  pecuniary  advantages  thus  assumed  on 
the  expenditure  of  capital  in  the  erection  and  working  of  sugar 
factories,  tbere  has,  of  course,  to  be  taken  into  acconnt  the 
))enefits  that  would  accrue  to  agriculture,  in  the  profitable 
emploj  ment  of  so  much  land,  and  also  of  so  much  labour,  both 
in  the  field  and  in  the  factory.  In  Mr.  Stein's  estimate  of  the 
pecuniary  benefits  to  the  farmer,  he  takes  the  cost  per  acre  of 
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growing  sngar-beet  at  102.,  and  a&snmes  that  he  will  receive 

18^.  a  ton  for  fifteen  tons  of  roots  delivered  to  the  factory.     If 

the  farmer  were  to  be  paid  for  15  tons  of  roots,  this  must  mean 

15  tons  after  cleaning  and  trimming,  which  implies  considerably 

more  than  fifteen  tons  of  gross  produce  of  roots  per  acre.     Then 

Mr.  Stein  reckons  that  the  roots  would  produce  13*3  per  cent. 

of  sugar,  and  says  that  its  cost  price  would  be  91.  per  ton.     W& 

assume   that  raw   sugar,   not    refined,   is   meant;  but    it    is 

important  to  know  the  percentage  of  pure  sugar  in  the  product. 

If  refined  sugar  were  meant,  there  would  have  to  be  more  than 

that  percentage  in  the  roots  grown ;  and  although  in  favourable 

^localities  and  seasons  it  would  probably  be  obtained,  it  is  not 

likely  that  it  would  be  in  roots  of  15  tons  per  acre  or  more, 

^taking  the  average  of  seasons.     In  fact,  if  the  land  were  to 

3>roduce  15  tons  or  more  per  acre   of  roots,   containing   say 

7)etween  13  and  14  per  cent,  of  sugar,  the  cost  per  acre  of 

onanuring  and  cultivation,  with  other  expenses,  would  be  more 

Ihan  10{.,  and  the  farmer  would  not  be  satisfied  with  18s,  per 

ix>n  for  trimmed  roots.     Still  less  would  he  be  so  if  the  desired 

richness  in  sugar  could  only  be  attained  with  smaller  crops  per 

<stcre. 

It  may  here  be  observed  that  it  is  difiicult  to  follow  some 
«f  Mr.  Stein's  calculations.  For  example,  in  reckoning  the 
"profit  to  the  farmer  on  growing  15  tons  of  roots  per  acre,  he 
credits  him  with  11.  bs.  for  the  value  of  5  tons  of  leaves  and  heads 
Irom  the  roots,  thus  mixing  them  up  together,  and  rendering  it 
impossible  to  form  an  estimate  of  the  probable  loss  of  weight  of 
itx>ts  by  trimming.  He  also  reckons  3  tons  of  slices  (pulp) 
«qnal  20  per  cent,  of  the  quantity  of  roots  delivered,  valuing 
them  at  10s.  per  ton  to  the  farmer  ^ ;  but  in  estimating  the  profits 
of  the  factory  he  reckons  the  slices  at  30  per  cent,  of  the 
iveight  of  roots,  but  still  values  them  at  lOs.  per  ton.  In  fact, 
^though  Mr.  Stein's  pamphlet  supplies  a  great  deal  of  valuable 
information,  the  details  do  not  afibrd  a  sufficient  basis  to 
justify  the  opinion  that  the  farmer  would  make  the  profit 
supposed,  or  that  the  factory  would  earn  6  per  cent,  on  the 
capital  with  a  price  of  91.  per  ton  of  sugar,  or  as  much  as  is 
assumed  with  the  respective  prices  of  lOZ.,  IIZ.,  or  121.  per  ton 
of  sugar. 

With  regard  to  the  suitability  of  the  climate  of  the  British 
Isles  for  the  growth  of  beetroot  in  suflScient  quantity,  and  at 
tihe  same  time  of  adequate  richness  in  sugar,  Mr.  Stein  says  that 

it  has  been  proved  by  hundreds  of  experiments  during  the  last 

■  — — ^ — — • 

*  In  bis  first  edition  he  reckoned  6  tons  of  slices,  equal  40  per  cent,  of  the- 
^wuQtity  of  roots  delivered,  Taloing  them  at  5$.  per  ton  to  the  farmer. 
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fifty  years — "  that  the  sugar  contained  in  the  home-grown  beet- 
root is  not  only  equal  to,  but  e^en  surpaaseB,  that  contained  in 
the  beetroot  grown  on  the  Continent  of  Europe.**  We  certainly 
are  not  aware  of  the  reBulta  referred  to,  and  although  we  do  not 
doubt  that  crops  of  adequate  quantity  and  quality  could  be 
grown  in  suitable  localities,  and  in  some  seasons,  we  do  not 
believe  that  they  could  be  over  the  countiy  generally,  or  on  the 
average  of  seasons.  Then,  Mr.  D.  T.  Fish,  writing  in  the 
Agricultural  Gazette  asks :  ^'  Who  needs  experimental  plots  to 
prove  the  practicability  of  good  profitable  crops  of  sugar-beet  in 
our  soil  and  climate  ?  Assuredly  not  those  farmers  to  be  found 
in  thousands  on  both  sides  of  the  Tweed  who  can  grow  mangels, 
swedes,  or  turnips  to  almost  any  weight  irom  20  to  40  tons  per 
acre  ?  "  So  far  as  the  experience  in  the  growth  of  the  different 
descriptions  of  feeding  roots  above  enumerated,  in  different 
parts  of  the  country,  is  concerned,  it  certainly  does  not  point  to 
the  conclusion  that  the  climate  of  Great  Britain  as  a  whole  is 
well  suited  to  grow  sugar-beet  for  the  economical  production  of 
sugar.  It  is  generally  recognised  that  feeding  mangels,  which 
are  closely  allied  to  the  sugar-beet,  thrive  the  best  in  the 
warmest  parts  of  England ;  and  they  are  very  little  grown  in 
Scotland. 

Those  who  have  thoroughly  studied  the  question  of  the  most 
suitable  temperature  for  the  growth  of  sugar-beet,  come  to  the 
conclusion  that  a  summer  mean  temperature  of  not  less  than 
70^  F.  is  desirable  to  ensure  success.  Dr.  H.  W.  Wiley, 
Chief  of  the  Division  of  Chemistry  of  the  Department  of 
Agriculture,  at  Washington,  says  :  "  As  a  result  of  many  years' 
careful  experimentation,  it  may  be  said  that  as  far  as  tem- 
perature alone  is  concerned  the  sugar-beet  attains  its  greatest 
perfection  in  a  zone  of  varying  width  through  the  centre  of 
which  passes  the  isothermal  line  of  70®  F.  for  the  months 
of  June,  July,  and  August."  He  then  describes  the  course 
of  this  isothermal  line,  and  says : — ''  Extending  a  distance  of 
100  miles  on  each  side  of  this  isothermal  line  is  a  belt  which, 
for  the  present,  may  be  regarded  as  the  theoretical  beet-sugar 
area  of  the  United  States."  Indeed,  the  area  in  the  United 
States  which  so  far  as  temperature  is  concerned  is  suitable  for 
the  growth  of  the  crop  for  the  manufacture  of  sugar,  points  to 
the  possibility  that  the  United  States  may  before  very  long 
produce  all  the  sugar  they  require ;  and  it  is  understood  that 
in  order  to  encourage  the  home-industry,  the  United  States 
Government  have  it  in  contemplation  to  put  a  Customs  duty 
on  imported  sugar  equivalent  to  the  bounties  granted  in  the 
countries  of  export. 
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How  far  even  the  East  and  South  of  England  are  from 

baying  an  average  snmmer  and  antnmn  mean  temperature  of 

70"   P.   may  be  judged  from  the  figures   in   the   following 

G^able  (VII.),  showing  the  average  maasimumj  minimum,  and 

*97iean  temperatures^  at  Greenwich,  over  the  period  of  fifty  years 

£rom   1841   to  1890,  in  each  of  the  months  of  June,  July, 

ugust,  September,  October,  and  November. 

Table  VII. 


Temperature 


Maximnm 
Minimum 
Mean   . 


June 
°F. 

July 

August 

Sept. 
^F. 

October 

°F. 

op 

op 

70-9 

740 

72-8 

67-3 

57-7 

49-9 

63-1 

630 

491 

43-3 

59-4 

62-5 

61-6 

67-2 

600 

November 


op 

48-8 
37-6 
43-2 


It  will  be  seen  that  although  the  months  of  June,  July,  and 
-August,  show  an  average  maximum  temperature  of  more  than 
^0®  P.,  and  September  not  3°  below  it,  the  highest  mean  tem- 
"^^eratures  are — in  July  only  62*5°,  in  August  61*6°,  in  June 
'S9'4*',  and  in  September  57*2**  F.  Not  a  single  month,  there- 
^re,  approaches  to  an  average  m^an  temperature  of  70**  F., 
hilst  that  of  September  is  less  than  60°,  and  that  of  October 
"Crinly  50®.  It  is  obvious,  therefore,  that  so  far  as  temperature  is 
^^oncemed,  we  should  be  at  a  disadvantage  compared  with  other 
l^eetroot  sugar  producing  countries.  Nevertheless,  it  is  prob- 
able that,  in  the  majority  of  seasons,  sugar-beet  could  be  grown 
'^f  fair  quality  for  sugar-making  in  the  most  favourable  districts 
'^f  the  country,  which  would  be  in  the  eastern  and  southern 
^jounties.  Every  farmer  knows  the  importance  of  autumn 
growth  for  feeding  roots  ;  but  October  is  often  a  rainy  month, 
little  suited  for  the  ripening  of  a  sugar  crop ;  whilst  sugar-beet 
Xvoald  be  very  liable  to  injury  from  early  frosts,  a  risk  which 
'Vrould  have  to  be  avoided  by  not  leaving  the  crop  out  too  long, 
^ven  if  the  growth  was  stil'  active.  An  important  means  of 
securing  early  maturity  is,  however,  the  growing  of  the  plants 
^o  close  together  as  to  limit  luxuriance,  and  favour  ripening. 

Assuming  that  the  result  of  all  the  discussion  that  is  now 
'taking  place  on  the  sugar-beet  question  were  the  formation  of 
<30inpanies  with  sufficient  capital  to  establish  sugar  factories  in 
Qome  of  the  most  promising  districts  for  the  growth  of  the  roots, 
it  is  probable  that  Norfolk  or  Suffolk  would  be  the  first  selected  as 
liaving  the  most  suitable  climate.  The  next  important  point 
'would  be  to  select  soils  adapted  to  the  purpose,  which  should 
l>e  of  a  medium  character,  neither  too  heavy  nor  too  light. 
TThere  are  sufficient  areas  of  such  soils  in  the  counties  named  ; 
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but  the  difficulty  would  be  to  find  enough  within  sufficiently 
easy  reach  of  a  factory.  Supposing  an  average  of  15  tons  of 
trimmed  roots  per  acre,  of  high  quidity,  were  aimed  at,  it  would 
require  not  much  less  than  3,000  acres  to  supply  40,000  tons 
to  the  factory ;  though  it  is  doubtful  whether  so  much  of  high 
quality,  commanding  the  highest  price,  would  be  obtained  on 
the  average  of  seasons.  Then,  as  sugar-beet  would  not  be 
grown  every  year,  and  perhaps  not  as  often  as  once  in  two  years, 
it  would  require  about  6,000  acres,  or  more,  according  to  the 
rotation  adopted,  to  be  devoted  to  the  purpose,  to  ensure  the 
necessary  supply  to  the  factory,  and  certainly  not  a  step  should 
be  taken  towards  the  establishment  of  a  factory  until  the  neces- 
sary supply  of  roots  had  been  assured.  It  is,  however,  probable 
that  for  some  time  at  any  rate,  the  company  would  themselves 
have  to  grow  a  considerable  quantity  of  tiie  beets  they  required. 
Further,  it  is  pretty  certain  that  it  would  require  an  offer  of  more 
than  18^.  per  ton,  to  tempt  farmers  to  engage  to  grow  on  the 
average  sufficient  roots  of  the  high  quality  desired.  For,  as  has 
been  stated,  if  15  tons  of  trimmed  roots  had  to  be  supplied,  more 
than  15  tons  of  gross  produce  would  have  to  be  grown,  whilst 
it  is  doubtful  if  such  crops  would  on  the  average  be  rich  enough 
in  sugar ;  and  if  less  crops  had  to  be  grown  to  secure  good 
quality,  the  return  per  acre  to  the  farmer  would  be  so  much  the 
less. 

Obviously,  if  considerable  areas  of  land  were  devoted  to 
sugar-beet  in  the  localities  the  most  suitable  as  to  climate  and 
other  circumstances  for  its  growth,  and  factories  were  es- 
tablished for  the  manufacture  of  sugar  from  it,  there  would  be 
greatly  increased  employment  for  the  population ;  and  it  is  a 
question  whether  the  local  labour  of  the  districts  would  be 
adequate  for  the  autumn  work  in  the  fields,  and  subsequently 
for  that  required  in  the  working  of  the  factory.  In  fact, 
there  is  little  doubt  that  the  wages  of  the  locality  would 
rise. 

Reviewing  the  whole  of  the  facts  that  have  been  adduced, 
both  as  to  the  climate  and  other  conditions  essential  for  the 
production  of  su^ar-beet  in  sufficient  quantity,  and  of  sufficient 
quality,  we  are  disposed  to  think  that  so  far  as  the  production  of 
the  roots  is  concerned,  it  could  only  be  a  success  over  compara- 
tively limited  areas,  and  not  throughout  the  agricultural  districts 
of  Great  Britain  generally.  Then,  as  to  the  profits  of  the  sugar 
factories  if  established,  the  cost  to  the  companies  of  roots  of 
good  quality  would  pretty  certainly  be  more  than  has  been 
estimated ;  and  it  is  very  doubtful  whether,  with  the  present 
price  of  sugar  in  the  market,  adequate  profits  from  the  mana- 
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fiictnre  could  be  expected.  Supposing  that  the  bounties 
granted  in  the  chief  beetroot  sugar  producing  countries  on  the 
Continent  of  Europe  on  the  export  of  sugar  were  either 
abolished  or  considerably  reduced,  the  price  of  sugar  would 
probably  rise  in  our  own  country,  but  whether  sufficiently  to 
ensnre  the  success  of  sugar-beet  growing,  and  of  sugar 
factories  established  here  on  a  considerable  scale,  may  be 
donbted. 

In    writing    upon  the   subject  of  Allotments  and   Small 

Holdings  ^  some  years  ago,  we  pointed  out  that  by  reason  of  our 

iess  fitvourable  climate  we  suffered  under  disadvantages  compared 

with  some  continental  countries  in  the  profitable  production  of 

certain  industrial  and  market  garden  crops,  and  other  products, 

which  occupied  the  labour  of  small  holders  on  the  Continent. 

In  what  we  have  now  said  as  to  the  growth  of  sugar-beet,  and 

fclie  production  of  sugar  from  it,  in  this  country,  we  can,  of 

<^ourse,  have  no  wish  to  discourage  an  enterprise  which,  if  suc- 

c^cssful,  would  not  only  contribute  to  the  increased  prosperity  of 

agriculture,  but  would  add  to  our  manufacturing  industries. 

»at,  having  been  asked  to  write  upon  the  subject,  we  felt  it  in- 

<:^vmbent  upon  us  to  endeavour  to  supply  such  information  as  we 

'^^ere  able,  on  various  points,  especially  with  regard  to  the  es- 

^fcential  conditions  for  the  successful  growth  of  a  sugar-crop,  at 

^le  same  time  not  overlooking  the  commercial  aspects  of  the 

^s-object.     Our  object  has,  in  fact,  been,  as  far  as  possible,  to  aid 

tilioee  who  are  disposed  to  consider  the  question  to   form  a 

treasonable  judgment  on  the  probabilities  of  success.     It  is,  we 

'think,  at  any  rate  clear  that,  if  the  sugar-beet  industry  is  to  be 

'established  with  any  prospect  of  success,  great  caution  should  be 

exercised  in  the  choice  of  the  locality  or  localities,  and  that  the 

Undertakings  should,  in  the  first  instance,  be  limited  in  number 

^^d  confined  to  the  most  suitable  localities.     Should  success  in 

^ese  accrue,  the  enterprise  could  easily  be  extended,  for  capital 

*s  never  wanting  in  this  country  for  any  undertaking  which  has 

^  fair  prospect  of  success. 

John  Bennet  Lawes. 
J.  Henry  Gilbert. 

Hotbamsted. 


*  Joamal  R.A.S.E.,  3rd  series,  vol.  iii.  1892,  pp.  439-463. 
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THE  WORLD'S  WHEAT  SUPPLY. 


(Repiint  of  Letter  in  The  Ti3£es,  December  2,  1898.) 


^E  President  of  the  British  Association  is  always  selected 
^^^  that  distinguished  position  on  account  of  his  great 
-ientific  attainments.  When  the  present  President,  Sir 
William  Crookes,  startled  his  audience  at  the  late  meeting 
^  the  Association  at  Bristol,  by  telling  them  that — "  England 
"^d  all  civilised  nations  stand  in  deadly  peril  of  not  having 
>ODgh  to  eat " — we  may  feel  sure  that  not  only  would  his 
Carers  be  startled,  but  that  the  alarm  would  spread  over  the 
Vilised  world.  Having  ourselves  paid  considerable  attention 
^  the  subject  of  the  home  and  foreign  production  of  wheat, 
Q  have  several  times  been  asked  to  say  something  on  the 
omentous  question  raised  by  Sir  William  Crookes.  In 
>mpIyiDg  with  the  request,  we  should  at  the  outset  say,  that 
e  do  not  propose  to  criticise  in  any  detail  Sir  William 
rookes's  statistics,  but  only  to  call  attention  to  some  points, 
ie  consideration  of  which  it  is  of  importance  to  bear  in 
ind. 

No  one  can  deny  Sir  William  Crookes's  statement  that 
-"  land  is  a  limited  quantity."  But  his  further  statement 
at — "  as  mouths  multiply,  food  resources  dwindle  '* — is  more 
len  to  question.  Sir  William  Crookes  first  considers  what 
ill  be  the  position  of  this  country  under  "the  universal 
»arth  to  be  expected.''  He  seems  to  think  that  we  must  for 
le  future  depend  more  on  our  own  resources,  and  less  upon 
aports  for  the  wheat  required  to  feed  our  population.    He 


says — "  A  total  area  of  land  in  the  United  Kingdom  equal  to 
a  plot  110  miles  square,  of  quality  and  climate  sufficient  to 
grow  wheat  to  the  extent  of  29  bushels  per  acre,  does  not 
seem  a  hopeless  demand."  He  further  points  out,  that  the 
area  thus  required  is  about  one-tenth  of  the  total  area  of  the 
United  Kingdom.  On  this  point  it  is  to  be  borne  in  mind 
that  the  total  area  (77,672,816  acres)  includes  land  and  water, 
and  uncultivated  as  well  as  cultivated  land;  whilst,  according 
to  official  statistics,  there  were  in  1897  only  19,943,843  acres 
of  arable  land,  and  27,924,710  acres  of  permanent  grass, 
making  together  only  47,868,553  acres  available  for  agricul- 
tural purposes  out  of  the  total  area  of  77,672,816  acres.  Sir 
William  Crookes,  however,  expresses  doubt  whether  the  amount 
of  land  supposed  could  be  kept  under  wheat,  except  under 
the  imperious  pressure  of  impending  starvation,  or  the 
stimulus  of  a  national  subsidy,  or  permanent  high  prices; 
and  he  assumes  that  all  the  land  now  under  barley  and  oats 
would  not  be  suitable  for  wheat,  and  that  for  the  present  our 
annual  deficit  must  be  imported. 

As  the  question  whether  or  not  the  United  Kingdom  could 
grow  enough  wheat  for  its  population  is  one  to  which  we 
have  paid  a  good  deal  of  attention,  and  on  which  we  have 
published  our  opinion  more  than  once,  it  may  be  well  briefly 
to  summarise  it  here.  Taking  Sir  William  Crookes's  estimate 
of  the  amount  of  land  required  for  this  purpose  to  be  about 
8  million  acres,  the  argument  at  the  present  time  would  be 
somewhat  as  follows  : — As  above  stated,  the  total  arable  area 
of  the  United  Kingdom  was,  in  1897,  rather  under  20  million 
acres,  so  that  the  above  requirement  for  the  growth  of  wheat 
would  absorb  about  two-fifths  of  the  existing  total  arable  area 
of  the  country ;  and  such  a  scheme  would  obviously  soon 
require  more.  Our  dependence  on  foreign  produce  would, 
however,  not  thus  be  lessened ;  for  we  should  have  to  depend 
on  imports  to  supply  the  place  of  the  other  grain  crops,  and 
the  stock  foods,  displaced  by  the  devotion  of  so  much  more 
land  to  wheat.  Or,  if  the  area  at  present  devoted  to  these 
other  crops  were  to  be  maintained  as  at  present,  the  total 
arable  area  would  have  to  be  increased  to  the  extent  of  the 
increase  in  the  area  under  wheat,  thus  trenching  on  the  land 
now  devoted  to  permanent  grass.    It  is  obvious  that  under 


such  circumstances  our  live  stock  would  have  to  be  reduced, 
and  our  imports  of  live  animals  and  meat  very  much 
increased.  Such  would  be  the  case  with  our  present  popula- 
tion,  to  say  nothing  of  continued  increase,  and  of  the  fact 
that  there  is  proportionally  very  little  possible  increase  in  our 
own  food-producing  area.  In  any  case,  therefore,  a  material 
increase  in  our  own  area  under  wheat  would  not  reduce  the 
imports  requisite  to  meet  the  food  requirements  of  the  people, 
but  would  only  substitute  those  of  wheat  for  those  of  barley, 
oats,  stock  foods,  or  meat,  or  all  of  these.  This  is  assuming 
that  the  change  proposed  were  to  be  a  permanent  one.  But 
if  it  were  to  be  only  temporary  to  meet  the  exigencies  of  war, 
or  of  dearth  in  other  countries,  the  circumstances  of  the  time 
would  indicate  what  derangement  of  our  agricultural  system 
would  yield  the  most  food,  and  be  the  least  objectionable. 

Sir  William  Crookes  dismisses  the  subject  of  our  own 
home  production  with  the  remark  that — "  We  eagerly  spend 
millions  to  protect  our  coasts  and  commerce ;  and  millions 
more  on  ships,  explosives,  guns,  and  men ;  but  we  omit  to 
take  necessary  precautions  to  supply  ourselves  with  the  very 
first  and  supremely  important  munition  of  war — food.*'  It 
is  rather  hard  thus  to  be  told  that  we  are  negligent  upon  the 
important  subject  of  our  food  supply,  when,  up  to  the  time 
of  the  Bristol  meeting,  the  remedy  had  been  locked  up  in  Sir 
William  Crookes's  brain!  The  truth  is,  that  we  produce 
more  per  acre  of  every  staple  food  suited  to  our  soil  and 
climate,  than  any  other  country  in  the  world.  But  we  have 
a  greater  population  in  proportion  to  our  cultivable  area  than 
any  other  country  in  Europe ;  and  it  is  simply  impossible  to 
provide  the  food  required  without  very  large  importation.  In 
fact,  it  would  require  very  extensive  emigration  to  bring  down 
our  population  within  the  limits  of  our  own  possible  food 
supply. 

Sir  William  Crookes  next  reviews  the  capabilities  of  the  world 
in  the  future  for  the  production  of  wheat.  He  says : — "  For 
the  last  thirty  years  the  United  States  have  been  the  dominant 
factor  in  the  foreign  supply  of  wheat.  .  .  ."    And  further: — 

Almost  yearly,  since  1885,  additions  to  the  wheat-growing  area  have 
diminished,  while  the  requirements  of  the  increasing  population  of  the  States 
have  advanced,  so  that  the  needed  American  supplies  have  heen  drawn  from 
the  acreage  hitherto  used  for  exportation.      Practically  there  remains  no 


uDcaltivated  prairie  land  in  the  United  States  suitable  for  wheat-growing.  The 
virgin  land  has  been  rapidly  absorbed,  until  at  present  there  is  no  Iwd  left 
for  wheat  without  reducing  the  area  for  maize,  hay,  and  other  neoeaiazy 
crops.  It  is  almost  certain  that  within  a  generation  the  ever  increasing  popu- 
lation of  the  United  States  will  consume  all  the  wheat  grown  within  its 
borders,  and  will  be  driven  to  import,  and,  like  ourselves,  will  scramble  for 
a  lion's  share  of  the  wheat  crop  of  the  world.  This  being  the  outlook,  ex- 
ports of  wheat  from  the  United  States  are  only  of  present  interest,  and  will 
gradually  diminish  to  a  vanishing  point. 

And : — 

But  if  the  United  States,  which  grow  about  one -fifth  of  the  world's  wheat 
and  contribute  one-third  of  all  wheat  exportations,  are  even  now  dropping 
out  of  the  race,  and  likely  soon  to  enter  the  list  of  wheat-importing  countries, 
what  prospect  is  there  that  other  wheat-growing  countries  will  be  able  to  fill 
the  gap,  and,  by  enlarging  their  acreage  under  wheat,  replace  the  supply 
which  the  States  have  so  long  contributed  to  the  world's  food  7 

First,  as  to  the  statement  that  additions  to  the  wheat- 
growing  area  in  the  United  States  have  diminished  ahnost 
yearly  since  1885.  As  a  matter  of  fact,  the  area  has  distinctly 
climinished  during  the  last  four  of  the  eleven  years  1886-96 ; 
but  in  1891  it  was  the  highest  ever  reached,  in  1889  and  in 
1892  much  higher  than  the  average,  and  in  six  of  the  eleven 
years,  commencing  with  1886,  it  was  more  than  the  average 
of  that  period.  That  the  area  should  not  have  shown  more 
continued  increase  since  1885  is  what  would  be  expected  from 
the  fact  that  it  is  just  about  from  that  date  that  the  price  of 
wheat  has  gone  down  so  disastrously  to  the  producer ;  con- 
ditions potently  adverse  to  the  extension  of  the  area  of 
production.^ 

As  to  the  United  States  already  falling  out  of  the  race, 
notwithstanding  their  increasing  population,  their  exports  of 
wheat  were,  on  the  average  of  the  last  five  years,  to  1896-97 

'  In  reference  to  the  above  statements,  which  only  come  down  to  1896,  it 
may  be  added  that  according  to  the  official  returns,  the  average  area  over  the 
four  years  of  crop,  1893, 1894, 1895,  and  1896,  was  only  34,544,458  aoresL    The 
officially  revised  figure  for  the  crop  of  1897,  after  a  special  investigation  made  at 
the  close  of  the  harvest,  is,  however,  as  quoted  in  The  Javmal  ^  the  Board  tf 
Affrienlture,  39,465,000  acres ;  but  the  Statistician  states,  that  no  satisfactoiy 
comparison  can  be  made  between  this  acreage  in  1897.  and  that  for  1896,  ss 
it  is  believed  that  the  returns  for  earlier  years  were  under-estimated.    Theni 
for  the  crop  of  1898,  the  area  is  provisionally  estimated  at  43,000,000  acres; 
though  it  is  said  that  the  figure  still  awaits  final  confirmation.     Sopposiogt 
however,  the  record  for  1897  to  be  correct,  and  that  for  1898  approxiiiiately 
so,  it  may  be  stated  that  the  area  for  1897  has  only  been  exoMded  twice 
before,  and  then  only  to  a  small  extent ;  whilst  that  for  1898  would  be  more 
than  3,000,000  acres  over  any  previous  year.    At  any  rate,  it  is  admittedly 
very  probable  that  the  areas  recorded  for  the  immediately  preceding  yetf* 
are  too  low,  and  it  is  certain  that  those  for  both  1897  and  1898,  show  a  vei7 
great  increase. 


inclusive,  over  8,000,000  quarters  (=24,000,000  bushels) 
more  per  annum  than  over  either  of  the  two  preceding  quin- 
quennial periods.  It  is  true  that  the  area  of  suitable  land 
yet  remaining  to  be  brought  in  for  the  crop  is  comparatively 
not  large ;  but  there  is  a  very  wide  scope  for  an  increase  of 
produce  per  acre.  It  should  be  remembered  that  a  large  pro- 
portion of  the  area  brought  under  cultivation  in  recent  years 
for  the  production  and  export  of  wheat,  consists  of  rich  prairie 
land,  notwithstanding  which  the  average  yield  per  acre  of  the 
United  States  as  a  whole  is  only  between  12  and  18  bushels, 
against  more  than  twice  as  much,  about  28  bushels,  the 
average  produce  under  ordinary  cultivation,  of  the  very  much 
poorer  lands  of  the  United  Kingdom.  Again,  the  unmanured 
plot  of  the  comparatively  poor  soil  of  the  permanent  experi- 
mental wheat  field  at  Bothamsted,  has  yielded  an  average  of 
more  than  18  bushels  per  acre  per  annum  over  fifty  consecu- 
tive years — that  is,  rather  more  than  the  average  of  the 
whole  of  the  United  States,  including  so  much  rich  prairie 
land,  and  also  rather  more  than  the  estimated  average  of  the 
whole  of  the  wheat  lands  of  the  world.  Yet  it  is  alleged  by 
some  that  the.  wheat  lands  of  the  United  States  are  already 
showing  exhaustion. 

How  are  these  facts  to  be  accounted  for  ?  The  wheat  pro- 
duced in  ordinary  agricultural  practice  on  the  comparatively 
poor  lands  of  the  United  Kingdom,  is  grown  in  rotation,  the 
land  is  comparatively  well  cultivated,  and  it  is  kept  compara- 
tively free  from  weeds.  In  the  case  of  the  growth  of  an 
average  of  more  than  13  bushels  per  acre  for  fifty  years  in 
succession  without  manure  at  Bothamsted,  the  land  has  been 
kept  as  free  from  weeds  as  is  possible.  On  the  other  hand, 
most  of  the  export  lands  of  the  United  States  are  scarcely 
more  than  skimmed  by  the  plough,  scarcely  any  labour  is 
bestowed  on  cleaning,  weeds  largely  rob  the  fertility,  the 
straw  and  weeds  are  to  a  great  extent  burnt,  and  manure  is 
often  wasted.  These  are  certainly  conditions  well  calculated 
to  reduce  fertility  rapidly.  But,  considering  the  original  cha- 
racter of  a  large  portion  of  the  land,  much  of  which  has  not 
been  broken  up  so  long  as,  or  more  than,  twenty  years,  it 
is  impossible  to  believe  that  the  wheat-growing  areas  of 
the    United  States,  which  are  said  to  be  already  showing 
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exhaustion,  would  not,  with  good  cultivation,  yield  large  crops 
for  many  years  yet ;  for  it  is  not  so  much  reduction  or  de- 
ficiency of  fertility,  but  failure  to  utilise  the  existing  fertility, 
that  is  the  cause  of  the  restricted  yield.  Improvement  in  this 
respect  can,  however,  only  be  attained  by  an  increased  expen- 
diture of  both  capital  and  labour.  Upon  the  whole,  we  think 
there  is  no  doubt  that  there  still  exists  in  the  United  States 
great  inherent  capability  of  production  of  wheat,  not  only  for 
home  consumption,  but  for  export  also,  for  many  years  to 
come. 

As  to  Russia,  which  comes  second  to  the  United  States  as 
a  wheat  exporter,  Sir  William  Crookes  says  that  the  great 
supply  is  merely  provisional  and  precarious.      He  speaks  of 
the  development  of  the  fertile,  though  somewhat  over-rated 
black  earth  as  progressing  rapidly.     But  he  adds  that — "  the 
consumption  of  bread  in  Eussia  has  been  reduced  to  danger 
point.      The  peasants   starve  and  fall  victims   to   *  hunger 
typhus,'  whilst  the  wheat-growers  export  grain  that  ought  to 
be  consumed  at  home."      At  the  same  time,  he  admits  that 
the  yield  per  acre  is  extremely  low.     As  to  the  low  produce 
of  the  black  earth,  which  is  very  low  indeed,  much  the  same 
argument  is  applicable  as  in  the  case  of  the  low  produce  of 
the  rich  prairie   soils   of  the   United   States.      For  want  of 
proper  cultivation  the  rich  Russian  soils  yield  much  less  per 
acre  than  such  soils  should  do,  and  there  can  be  no  doubt 
that,   if  properly  cultivated,  they  would  yield   food  for  the 
population  and  to  spare. 

With  regard  to  Canada,  Sir  William  Crookes  speaks  of— 
**  the  extent  and  marvellous  capacity  of  the  fertile  plains  of 
Manitoba  and  the  North- West  Provinces.'*  But  in  his  appen- 
dix he  says :— -"  The  most  trustworthy  estimates  give  Canada 
a  wheat  area  of  not  more  than  six  milUons  of  acres  in  the 
next  12  years,  increasing  to  a  muxiinum  of  12  miUions  of  acres 
in  25  years."  He  adds  that  the  development  of  this  area 
must  necessarily  be  slow%  as  the  population  is  wanting  to 
supply  the  needful  labour  at  seed-time  and  harvest ;  whilst  as 
population  increases,  so  do  home  demands  for  wheat.  He 
further  adds  that  thus  far  performance  had  lagged  behind 
promise,  the  wheat-bearing  area  of  all  Canada  having 
increased  comparatively  little,  and  the  exports  not  in  greater 


proportion.  Of  course,  the  above  are  only  estimates  of  the 
probable  development  under  existing  conditions ;  but  the 
evidence  at  command  is  to  the  effect  that  very  much  more 
than  is  here  supposed  is  available  for  the  crop  whenever 
circumstances  show  that  it  would  be  profitable  to  devote  it  to 
the  purpose.  On  these  points  Mr.  Sydney  C.  D.  Eoper,  who 
is  officially  connected  with  the  subject  at  Ottawa,  speaks  of  -  - 
"  the  existence  in  the  North- West  of  the  finest  undeveloped 
wheat  fields  in  the  world."  He  adds,  however,  that  at 
present  the  population  is  lacking,  as  also  are  lacking  the 
immediate  inducements  to  immigration,  though  a  marked 
advance  in  wheat  values  would  probably  supply  both  the  one 
and  the  other.  He  at  the  same  time  recognises  that  the 
appreciation  of  prices,  when  it  comes,  is  not  likely  to  be 
lasting.  Lastly,  in  regard  to  the  non-extension  of  area  in 
Canada  under  existing  circumstances,  it  is  said  that  it  is 
actually  in  contemplation  to  appeal  to  farmers  to  reduce  their 
acreage  under  wheat  in  order  to  check  over-production. 

So  much  for  the  probable  prospective  capabilities    for 
Vrheat  production  of  the  United  States,  Eussia,  and  Canada. 
£ut  it  is  safe  to  assert  that  there  arc  very  large  areas  suitable 
Tot  the  growth  of  the  crop  in  other  countries  of  the  world, 
"^hich  have  as  yet  been  opened  up  only  very  partially,  or  not 
^t  all.     In  some  cases  the  necessary  population  and  labour 
^re  wanting,  in  some  cheaper  transport,  in  some  irrigation  is 
Required,  and  in  some  more  than  one  of  these  necessary  con- 
ditions of  success  are  wanting.    With  the  low  prices  of  recent 
i^'ears,  however,  which  indicate  that  the  supply  is  equal  to  the 
demand,  rapid  development  was   not  to  be  expected.    But 
there  is  no  reason  to  doubt  that,  with  remunerative  prices,  the 
obstacles  to  progress  above  referred  to  would  be  gradually 
Overcome,  and  that  the  area  of  production  would  increase  con- 
currently with  the  demand.     In  fact,  the  little  extension  of  the 
%rea  of  production  throughout  the  world  generally  in  recent 
^ears  is  to  be  attributed  to  non-remunerative  prices,  and  is 
iiot  to  be  interpreted  as  indicating  that  we  are  approaching 
tlie  limit  of  the  available  land  of  the  world  for  the  growth  of 
tlie  crop. 

The  dependence  of  the  available  supply  of  wheat  on  its 
market  value  may  even  be  illustrated  by  what  has  taken 
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place  within  the  present  year.      Sir  William  Crookes  says 
that  in  April  last  the  world's  visible  supply  amounted  to 
10,000,000  bushels  (=1^  million  quarters)  less  than  in  1897 
at  the  same  date.    We  may  add  that  it  was  estimated  by 
some  that  the  supply  up  to  the  end  of  the  harvest  year  must 
run  short  of  the  demand,  and  that  therefore  a  further  rise 
of  price  was  to  be  expected.    As  a  matter  of  fact,  there  was 
a  considerable  rise  of  prices,  due  more  to  the  artificial  con- 
ditions bringing  about  the  Leiter  boom,  than  to  the  natural 
eflfect  of  supply  and  demand.    The  rise  had,  however,  for  its 
result,  the  bringing  out  of  a  great  increase  of  supply.     Thus, 
from  the  beginning  of  March  to  the  end  of  the  harvest  year 
(the  end  of  August),  the  imports  of  wheat  into  this  country, 
though  they  had  previously  been  less  than  in  1896-97,  were 
this  year,  notwithstanding  the  alleged  deficiency  of  1^  million 
quarters  in  April,  nearly  2  million  quarters  more  than  in 
1897  over  the  same  period.     Concurrently,  however,  from  the 
middle  of  June  the  price  gradually  declined,  reaching  the 
lowest  point  within  the  twelve  months  at  the  end  of  the  har- 
vest year ;  and  it  has  gone  lower  still  since.     This  illustration 
of  the  eflfect  of  price  in  bringing  supplies  of  wheat  into  the 
market  is,  it  is  true,  one  of  only  temporary  and  exceptional 
influence. 

With  regard  to  the  climatic  conditions  essential  for  the 
successful  growth  of  wheat.  Sir  William  Crookes  says:— "The 
ripening  of  wheat  requires  a  temperature  averaging  at  least 
65  deg.  F.  for  55  to  65  days."  If  such  were  the  case,  we 
fear  that  so  far  from  increasing  our  own  area  under  the  cropi 
we  should  have  to  reduce  it.  Thus,  in  neither  of  the  five  dis- 
tricts into  which  the  wheat-growing  area  of  Great  Britain  ^ 
di\n[ded,  has  either  July  or  August,  our  two  hottest  monthB, 
shown  that  mean  temperature  in  any  one  of  the  last  twelve 
years,  of  higher  than  average  produce ;  whilst  the  average 
mean  temperature  over  the  five  districts  collectively,  has  only 
reached  or  exceeded  60  deg.  F.  in  four  of  those  twelve  ^^ 
in  July,  and  in  only  four  years  in  August.  Further,  it  may 
be  stated  that,  at  Greenwich,  the  mean  temperature  over  the 
50  years,  from  1841  to  1890  inclusive,  was  only  62'5  d^.  tor 
July,  and  only  61*6  deg.  for  August ;  whilst  the  mean  tern- 
per&ture  of  55  to  65  days  would  be  below  62*0  deg.  F.  I' 
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may  be  added  that,  with  the  exception  of  1868  and  1894,  the 
heaviest  crop  of  wheat,  both  grain  and  straw,  grown  in  Great 
Britain  during  the  last  50  years,  was  in  1854  ;  the  season  of 
which  was  described  as  follows: — After  a  favourable  seed 
time,  the  winter  was  unusually  severe ;  the  early  spring  was 
favourable,  but  was  succeeded  by  cold  and  unseasonable 
weather  until  the  middle  of  July,  from  which  time  until  har- 
vest, the  period,  though  changeable,  included  some  fine 
maturing  and  harvest  weather.  The  harvest  was,  however, 
late.  Further,  the  mean  temperature  at  Greenwich  was,  in 
June,  3  deg.  below  the  average,  whilst  in  July  it  was  only 
61'0  deg.,- and  in  August  only  61-1  deg.  F. 

Sir  William  Crookes  places  very  little  reliance  on  the 
extension  of  the  wheat-growing  area  of  the  world.  His  remedy 
is  in  an  increase  in  the  yield  per  acre  of  the  world's  crop ; 
and  he  proposes  that  it  should  be  raised  from  12-7  bushels  as 
at  present,  to  twenty  bushels  per  acre ;  thus  adding  to  the 
world's  annual  crop  nearly  150,000,000  qrs.  on  the  present 
area.  Referring  to  our  experiments  on  the  continuous  growth 
of  wheat,  he  selects  a  plot  on  which  nitrate  of  soda,  ^Yitll  a  full 
mineral  manure  in  addition,  had  been  employed  for  a  number 
of  years  Iq  succession,  and  from  the  results  he  calculates  that 
it  would  require  22*86  lbs.  nitrate  of  soda  to  produce  an 
increase  of  one  bushel  of  wheat.  Accordingly,  he  reckons  that 
to  increase  the  world's  crop  by  7*8  bushels  per  acre,  it  would 
require  the  annual  application  of  1^  cwt.  of  nitrate  of  soda 
per  acre  annually.  Thus,  on  his  estimate  of  163,000,000  acres 
under  the  crop,  it  would  require  12,000,000  tons  of  nitrate 
annually  to  be  distributed  in  varying  amounts  over  the  wheat- 
growing  countries  of  the  world ;  those  which  produce  more 
than  the  average  of  12-7  bushels  requiring  less,  and  those 
below  that  average  requiring  more.  Broadly  speaking,  how- 
ever, about  12,000,000  tons  of  nitrate  will  be  required  annually, 
in  addition  to  the  1,250,000  tons  already  absorbed  by  the 
world  for  various  crops. 

Sir  William  Crookes  proposes  to  manufacture  the  nitrate 
of  soda  required  by  his  calculation,  by  oxidating  the  free 
nitrogen  of  the  air  by  means  of  electricity,  and  he  calculates 
that,  by  employing  water  power  to  generate  the  electricity, 
nitrate  of  soda  could  be  produced  for  £5  per  ton,  and  that  the 
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Falls  of  Niagara  are  capable  of  supplying  the  required  energy 
without  much  lessening  their  mighty  flow.  It  may  be  men- 
tioned here,  that  many  years  ago,  when  nitrate  of  soda  had 
risen  to  an  exorbitant  price,  one  of  us  paid  a  visit  to  the  late 
Sir  Benjamin  Brodie,  who  was  carrying  out  experiments  on 
the  production  of  ozone  by  means  of  electricity,  to  obtain  his 
opinion  on  the  practicability  of  the  production  of  nitrate  of 
soda  by  its  agency.  His  conclusion  was  that  there  would  be 
no  difficulty  about  such  production,  but  that  the  cost  would 
be  too  great.  As  we  have,  from  1852  up  to  the  present  time, 
grown  very  much  larger  crops  of  wheat  every  year  than  the 
proposed  twenty  bushels  per  acre  the  world  over,  by  means  of 
liberal  applications  of  nitrate  of  soda  in  conjunction  with  the 
necessary  mineral  constituents,  we  have  not  only  no  objections 
to  raise  against  Sir  William  Crookes's  proposal,  but  we  should 
consider  a  cheap  supply  of  nitrate  to  be  a  very  great  boon  to 
the  agricultural  world.  Whether,  however,  an  average  of 
twenty  bushels  per  acre  would  be  obtained  year  after  year 
the  world  over,  by  the  annual  application  of  12,000,000  tons 
of  nitrate  of  soda,  we  very  much  doubt.  Sir  William  Crookes 
himself  warns  us  that — "  When  we  apply  to  the  land  nitrate  of 
soda,  sulphate  of  ammonia,  or  guano,  we  are  drawing  on  the 
earth's  capital,  and  our  drafts  will  not  perpetually  be 
honoured."  In  fact,  if  the  nitrate  were  used  alone  year  after 
year,  the  available  mineral  constituents  would  soon  show 
deficiency.  Further,  not  only  does  the  wheat  crop  thrive  upon 
nitrate,  but  all  the  miscellaneous  vegetation  which  infests  our 
fields  under  the  name  of  weeds,  fights  desperately  for  a  share 
of  this  food,  and  it  is  only  by  a  large  and  costly  expenditure 
of  labour  that  we  can  keep  our  fields  clean  enough  to  grow  our 
grain  crops.  It  is  doubtless  partly  for  this  reason  that  much 
of  the  nitrate  of  soda  used  is  employed  for  "  cleaning-crops," 
roots,  &c.  It  is  also  used  for  grass,  and  for  spring  crops  such 
as  barley  or  oats,  rather  than  for  wheat ;  as  they  are  more 
easily  kept  free  from  weeds  than  the  autumn- sown  wheat. 
Owing  to  the  conditions  of  insufficient  labour  under  which 
many  of  the  wheat  crops  of  the  world  are  grown,  it  is  quite 
possible  that  the  application  of  nitrate  might  in  some  cases 
result  in  less  rather  than  larger  crops;  but  probably  the 
systems  of   farming  may  be  improved  before  the  Falls  of 
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Niagara  furnish  the  world  with  12,000,000  tons  of  nitrate 
of  soda  annually. 

It  will  be  of  interest  briefly  to  compare  the  composition  of 
some  typical  soils,  so  far  as  their  richness  in  certain  important 
elements  of  fertility  is  concerned.    The  carbon-compounds  of 
our  crops,  such  as  the  starch  of  grain  crops  and  potatoes, 
the  sugar  of  the  sugar-cane  and  of  roots,  &c.,  derive  their 
carbon  either  mainly  or  exclusively  from  the  atmosphere,  and 
not  from  the  soil.    We  will  therefore  confine  attention  to 
some  illustrations  of  the  amounts  of  nitrogen,  potash,  and 
phosphoric  acid,  in  our  own  soil  compared  with  some  rich 
prairie  lands,  and  some  rich  Eussian  soils.     In  the  case  of 
our  own  soils,  we  have  determinations  of  the  nitrogen  down 
to  a  considerable  depth — sometimes  to  twelve  times  9  in.,  or 
108  in.  in  all;  and  we  have  found  that  some  deep-rooting 
leguminous  plants  send  their  roots  down  to,  and  draw  nitrate 
from,  that  depth.    In  the  case  of  Canadian  and  Eussian  soils, 
however,  we  have  only  results  for  much  less  depths.    Again, 
in  the  case  of  our  own  soils,  the  results  for  potash  and  phos- 
phoric acid  only  relate  to  the  three  upper  depths  of  9  in. 
each,  or  27  in.    We  will  therefore  limit  our  illustrations  to  a 
comparison  of  the  amounts  of  the  three  constituents  in  the 
different  soils,  to  a  depth  of  12  in.  only. 

First,  as  to  the  amounts  of  nitrogen  per  acre : — 

IRothamsted  unmanured  wheat  plot 3,139  lb.  nitrogen ; 

corresponding  to  20,058  lb.  nitrate  of  soda. 

Average  of  four  Manitoba  soils 10,458  lb.  nitrogen ; 

corresponding  to  66,824  lb.  nitrate  of  soda. 

Average  of  five  Russian  soils 11,207  lb.  nitrogen; 

corresponding  to  71,609  lb.  nitrate  of  soda. 
Thus,  even  in  the  poor  Eothamsted  soil,  the  amount  of 
combined  nitrogen  is  very  large ;  but,  to  the  same  depth,  the 
qaantity  is,  on  the  average,  more  than  three  times  as  much 
ih  the  four  Manitoba  soils,  whilst  the  Eussian  soils  are  richer 
Btill.  These  great  stocks  of  nitrogen  exist  in  the  soils  as 
organic  nitrogen,  and  as  such  are  very  insoluble ;  but  the 
nitrogen  is  gradually,  though  very  slowly,  oxidated  into  nitric 
ftcid,  which  forms  with  lime,  soda,  or  other  bases  in  the  soil, 
Tery  soluble  salts,  in  which  state  the  nitrogen  becomes  avail- 
able to  vegetation.    It  is  estimated  that  the  unmanured 


Bothamsted  wheat  soil  yields  up  an  average  of  not  more  than 
from  20  to  25  lb.'  of  nibrogen  per  acre  annaally,  notwithBtand- 
ing  that  to  the  depth  of  12  in.  it  contains  3,139  lb.,  cor- 
responding  to  20,058  lb.  of  nitrate  of  soda;  whilst  to  ^ 
depth  of  90  in.,  or  7i  ft.  it  contains  about  16,000  lb.,  cor- 
responding to  about  96,000  lb.  of  nitrate  of  soda.     In  other* 
fields  where  samples  have  been  taken  down  to  twelve  times 
9  in.,  or  108  in.,  from  15,000  lb.  to  20,000  lb.  of  nitrogen 
have  been  found  to  be  present  down  to  that  depth.     Purtiier, 
experiments  in  the  Rothamsted  Laboratory  indicate  that  a 
larger  proportion  of  the  total  nitrogen  is  readily  soluble  in 
rich  garden  soil,  and  in  permanent  meadow  soil,  than  in  the 
ordinary  arable  soil  at  Bothamsted.    There  can,  in  fact,  be 
no  doubt  that  under  favourable  conditions  of  cultivation  the 
rich  United  States,  Canadian,  and  Russian  soils,  would  yield 
up  very  much  more  nitrogen  in  an  available  form  than  they 
have  done  hitherto,  and  also  very  much  more  than  the  poorer 
Bothamsted  soil.    Indeed,  even  under  existing  conditions,  the 
Canadian  soils  do,  on  the  average,  yield  about  1^.  time  as 
much  wheat  per  acre  as  either  the  Bothamsted  unmanured 
soil,  or  tlie  average  of  the  United  States  soils.     The  conclusion 
must  be  that  the   United   States   soils,  especially  the  rich 
prairie  soils,  are  capable  of  yielding  much  more  wheat  than       I 
they  do. 

Then  as  to  the  potash  and  phosphoric  acid  : — We  have 
no  results  relating  to  these  for  the  Canadian  soils,  none 
relating  to  the  Bothamsted  soil  below  27  in.,  and  none 
relating  to  the  Bussian  to  much  more  than  12  in.  The 
following  is,  however,  a  comparison  of  the  total  amounts  (as 
determined  by  strong  acid),  in  the  Bothamsted  unmanured  | 
wheat  soil,  and  (on  the  average)  in  the  five  Bussian  soils,  in 
each  case  reckoned  to  the  depth  of  12  in. : — 


lb0.  per  Acre 


Rothamsted  Unmanured  Wheat  soil    .        .  8,687  8,962 

Average  o!  5  Bassian  soils  ....  61,229  5,898 


Pboephorie  Add 


Thus,  there  is  to  a  depth  of  12  in.,  about  seven  times  fts 

*  Perhaps  it  would  be  better  to  say  20  to  30  lb  according  to  season, 
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much  potash,  and  about  one  and  a  third  time  as  much  phos- 
phoric ai;id,  in  the  rich  Eussian,  as  in  the  poor  Bothamsted 
soil.  These  constituents,  in  the  condition  in  which  they  exist 
in  soils,  are,  however,  like  the  nitrogen,  only  slowly  rendered 
available  for  vegetation. 

We  have  not  similar  particulars,  either  for  other  Canadian 
soils,  or  for  any  United  States  prairie  soils.  We  have,  how- 
ever, the  percentages  of  nitrogen  in  other  Canadian  soils,  and 
also  in  some  United  States  prairie  soils ;  and  these  show  that 
they  are  very  much  richer  in  nitrogen  than  the  Eothamsted 
soil.  But,  as  we  do  not  know  the  depth  to  which  the  samples 
were  taken,  we  cannot  estimate  the  amounts  of  nitrogen  per 
acre,  to  a  given  depth.  There  can,  in  fact,  be  no  question 
that  these  rich  prairie  soils  are  capable  of  yielding  up  much 
more  nitrogen,  and  of  giving  much  larger  crops  of  wheat, 
than  the  Bothamsted  soil. 

It  will  be  some  satisfaction  to  those  who  fear  that  our 
soils  are  becoming  exhausted  to  find  that  a  soil  which  cannot 
be  considered  a  very  fertile  one,  and  which  has  been  under 
arable  cultivation  for  some  centuries,  still  contains  such  large 
stocks  of  fertility,  and  under  good  cultivation  is  still  yielding  as 
much  wheat  per  acre  per  annum  without  manure,  as  the  average 
of  the  whole  of  the  wheat-growing  lands  of  the  world  ;  whilst, 
by  the  aid  of  suitable  artificial  manures,  it  has,  in  one  year, 
yielded  as  much  as  55  bushels  per  acre ;  and  has,  on  the 
average  of  50  years,  given  much  more  than  the  average  of 
the  whole  of  the  United  Kingdom  under  ordinary  cultivation. 

What  part  artificial  manures  will  play  in  the  agriculture 
of  the  future  it  is  difficult  to  foretell.  Much  will  depend  on 
the  stores  of  phosphates  and  of  potash  which  may  be  found 
available  for  use  throughout  the  world.  With  regard  to 
nitrates,  as  Sir  William  Crookes  has  pointed  out,  nitrogen 
exists  in  enormous  quantities  in  the  air  in  the  free  state,  but 
plants  require  it  to  be  supplied  to  them  in  a  fixed  or  com- 
bined condition.  Whether  we  go  to  water — as  at  Niagara — 
for  the  source  of  power,  or  have  recourse  to  wind  or  steam, 
the  question  of  a  home  manufacture  of  nitrate  from  the  free 
nitrogen  of  the  atmosphere,  to  supply  the  wants  of  agriculture, 
is  a  very  important  one.  Nitrate  of  lime  contains  more  nitric 
acid  than  nitrate  of  soda,  and  lime  is  cheaper  than  soda,  and 
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nitrate  of  lime  might  prove  the  better  manure  in  some  eases  ; 
bat  its  deliquescence  might  prove  a  difficulty,  both  in  trans-* 
port  and  use. 

To  sum  up  on  the  world's  wheat  supply : — It  may  be  said 
that,  whilst  wheat  is  capable  of  producing  very  large  crops 
under  favourable  conditions  as  to  soil,  climate,  and  manuring, 
it  possesses  a  remarkable  power  of  obtaining  food  from  a  poor 

so3.    It  can  stand  a  considerable  amount  of  frost,  and  it  can    

thrive  over  an  immense  area  of  the  world's  surface.     Mthnnjrh   ^ 
endorsing  all  that  Sir  William  Crookes  says  as  to  the  im- 
portance of  wheat  as  a  food,  we  cannot  adopt  his  despondii 
views  in  regard  to  the  future  supplies  of  it.      That  we  ma^ 
have  considerable  fluctuations  in  produce  and  in  price,  th( 

result  of  war,  or  of  the  vicissitudes  of  the  seasons  in  differen*- ^t 

countries,  is  very  probable ;  but  we  believe  that  there  wil^dm 
always  be  a  sufficient  supply  forthcoming,  for  those  who  wit"I_Jl 
find  the  money  to  purchase  it  at  a  remunerative  price. 
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Introduction  and  History. 

IB  shown  in  our  paper  on  the  Rotation  of  Crops,  in  the 
umber  of  the  Journal,*  that  any  explanation  of  the  benefits 
ation  is  quite  inadequate  which  does  not  take  into  account 
«nlts  of  the  feeding  of  the  animals  on  the  farm.  Thus,  in 
[iscussion  of  the  amounts  of  the  produce  of  the  various 
grown  in  alternation  with  one  another,  and  of  the  amounts 
)  various  constituents  of  the  individual  crops,  or  of  their 
ite  parts,  it  was  pointed  out  that  only  certain  portions  of 
were  at  once  available  as  saleable  products ;  a  large  pro- 
n  remaining  for  use  on  the  farm  in  some  way,  and  only 
aally  yielding  a  profitable  return. 

le  extent  to  which  the  retention  on  the  farm  of  the  con- 
uts  accumulated  in  the  crops  may  take  place  may  usefully 
ostrated  by  reference  to  a  particular  example,  which  will 
y  a  clearer  conception  of  the  importance  of  the  subject 
any  mere  general  statement  can  do.  Accordingly,  in 
I.  is  given  an  approximate  estimate  of  the  proportion  of 

Journal.  B.A.8.B..  3rd  Series,  vol.  v.  (Part  IV.),  1894,  pp.  586-646. 
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certain  selected  constitueiits  of  the  crops  grown  in  the  typical 
four-course  rotation  of  Swedish  turnips,  barley,  leguminous 
crop,  and  wheat,  which  would  be  at  once  sold  off  the  fiu-m,  and 
of  the  amounts  retained  upon  it ;  supposing  that  only  the  graio 
of  the  cereals  is  sold,  and  that  the  root  crop,  the  leguminoHS 
crop,  and  the  straw  of  the  cereals,  are  retained  for  further 
use.  The  estimates  are  founded  on  the  average  amounts  of  pro- 
duce obtained,  over  eight  courses,  in  the  fully  manured  rotation, 
the  particulars  of  which  were  given  and  discussed  in  the  papQr 
on  Rotation  above  referred  to. 

Table  T. — Illustration  of  the  Proportion  of  the  ConetUuenis  of 
Crops  grovya  in  Rotation  at  ofice  sold  ojff  the  Farm^  cmd  of  thou 
retained  upo7i  it  for  further  use. 


Per  cent,  of  total  in  the  crops 

At  once  sold  off 
the  fum 

Betained  on  the  fiom 
for  fortlMr  hm 

Dry  matter 

Nitrogen 

Total  mineral  matter  (ash)  . 
Phosphoric  acid    .... 
Potash 

SO-6 
43-4 
14-5 
56*2 
200 

69-4 
66-6 
85-6 
43-8 
800 

It  is  true  that  the  exact  figures  given  in  the  table  have  oaly 
reference  to  a  particular  case,  and  that  in  practice  there  will 
sometimes  be  larger  and  sometimes  smaller  proportions  of  these 
constituents  of  the  crops  at  once  sold,  or  retained  on  the 
farm.  Nevertheless,  the  illustrations  may  be  taken  as  essentially 
typical,  and  as  so  far  conveying  a  very  useful  impression  on  the 
subject. 

Referring  to  the  figures,  the  question  arises :  To  what  bene- 
ficial or  profitable  purposes  are  about  two-thirds  of  the*  total  vege- 
table substance  grown — more  than  half  its  nitrogen,  nearly  half 
its  phosphoric  acid,  and  about  four-fifths  of  its  potash — ^retained 
on  the  farm  ?  Briefly  stated,  it  is  for  the  feeding  of  animals 
for  the  production  of  meat,  milk,  and  manure,  and  for  the 
exercise  of  force — that  is^  for  their  labour.  It  is,  then,  the  fitcts, 
and  the  principles,  involved  in  the  feeding  of  the  animals  of  the 
farm  for  these  various  purposes  that  we  have  now  to  consider. 

It  is  obvious  that,  so  long  as  a  country  is  only  sparsely 
populated,  and  the  needs  of  the  people  are  amply  supplied  under 
a  comparatively  rude  system  of  agriculture,  in  which  extended 
area  precludes  the  necessity  for  improved  methods,  there  would 
be  little  either  of  scope  or  of  inducement  to  study  economy  in 
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the  feeding  of  animals,  or  to  systematic  practice  in  regard  to  it. 
Bat  as  population  increases  in  proportion  to  area,  there  arises 
the  necessity  for  increased  production  over  a  given  area.  It  was 
pointed  out  in  our  paper  on  Rotation  that,  in  our  own  country, 
gradually  a  greater  variety  of  crops  came  to  be  grown ;  that  first 
leguminous  crops,  and  then  root  crops,  were  introduced,  and 
finsdly  the  system  of  rotation  became  general.  Thus,  a  much 
greater  variety,  and  a  much  greater  quantity,  of  home-produced 
stock-foods  became  available  ;  and  in  time  foods  of  various  kinds 
were  imported  from  other  countries. 

Somewhat  similar  changes  in  their  food  resources  occurred 
in  various  paii»  of  the  continent  of  Europe ;  and  with  these 
came  the  inducement,  if  not  the  necessity,  to  pay  more  atten- 
tion to  the  subject  of  feeding.  The  end  was,  however,  sought 
to  be  attained  by  somewhat  characteristically  difierent  methods 
in  our  own  country  and  on  the  Continent.  With  us,  more  special 
attention  was  paid  to  the  improvement  of  the  breeds  of  the  farm 
animals  themselves;  not  only  to  enhance  the  development  of 
the  most  valuable  characters  in  the  final  product,  but  to  secure 
early  maturity,  and  thus  materially  to  economise  the  expendi- 
ture of  food  in  the  mere  maintenance  of  the  living  meat-and- 
manure-making  machine.  As  to  the  use  and  adaptation  of 
difierent  foods,  but  little  systematic  inquiry  was  undertaken  in 
r^ard  to  it,  each  feeder  relying  largely  on  his  own  judgment, 
or  on  the  unwritten  rules  adopted  in  his  locality,  as  the  result 
of  practical  experience. 

On  the  Continent,  however,  and  especially  in  Germany, 
much  more  attention  was  paid  to  the  character  of  the  food 
than  to  that  of  the  animal ;  and  towards  the  end  of  the  last 
century  and  the  beginning  of  this  much  was  devoted  to  deter- 
mining the  comparative  values  of  difierent  foods;  and  tables 
were  constructed  in  which,  adopting  hay  as  the  standard,  it 
was  attempted  to  arrange  all  other  foods  according  to  their 
supposed  value  compared  with  that  standard.  The  plan  was  to 
give  the  amount  of  each  food  which  it  was  estimated  was  equi- 
valent in  food-value  to  100  parts  of  hay. 

The  first  comprehensive  tables  of  hay  values  were  constructed 
by  Thaer,  and  were  published  by  him  in  1809.  His  operations, 
experiments,  and  writings,  were  of  an  essentially  practical  cha- 
racter. His  estimates  of  so-called  "  hay  values  "  seem,  however, 
to  have  been  based  to  some  extent  on  the  determinations  of  the 
supposed  nutritive  contents  of  difierent  foods  which  had  been 
made  by  Einhof ;  but  partly  also  on  his  own  determinations, 
and  partly  on  direct  feeding  experiments.  In  these  he  sought 
to  ascertain  how  much  of  the  respective  foods  was  required 
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to  substitute  a  given  quantity  of  hay  in  the  daily  ration  of  the 
animals.  His  estimates  were,  at  any  rate,  controlled  by  such 
experiments,  and  he  states  that  their  results  upon  the  whole 
tended  to  confirm  the  conclusions  arrived  at  by  analysis. 

Other  writers  also  published  tables  of  hay  values,  or  hay 
equivalents,  of  foods.  In  some  of  these  the  results  of  new 
experiments,  sometimes  analytical,  and  sometimes  practical, 
were  embodied ;  but  it  is  obvious  from  the  identity  of  the 
figures  in  many  cases  that  they  were  largely  compilations  one 
from  another. 

Such  was  the  condition  of  knowledge  on  the  subject  when 
Boussingault  commenced  his  investigation  of  it  soon  after  1830. 
Like  Thaer,  Boussingault  had  the  advantage  of  being  a  practicai 
agriculturist ;  but  whilst  Thaer  looked  at  the  question  of  the 
feeding  of  the  animals  of  the  farm  almost  exclusively  from  the 
practical  point  of  view,  Boussingault  approached  it  mainly  from 
that  of  the  chemist  and  the  physiologist,  though  he,  at  the  same 
time,  made  dii'ect  experiments  with   farm   animals,  and  so 
arranged  and  conducted  them  as  not  only  to  elucidate  some 
points  of  special  scientific  interest,  but  also  to  afford  data  which 
might  serve  both  for  the  explanation  and  for  the  improvement 
of  agricultural  practice. 

Thus,  besides  contributing  much  towards  abetter  knowledge 
of  the  actual  and  comparative  value  of  different  foods,  he  inves- 
tigated the  question  whether  animals  either  availed  themselves 
of  the  free  nitrogen  of  the  air  as  a  source  of  some  of  their  nibxh 
gen,  or  eliminated  either  free  or  combined  nitrogen  by  the 
lungs  or  skin ;  also  whether  the  fat  stored  up  by  the  fatteniBg 
animal  was  exclusively  derived  from  the  already  formed  fat  of 
the  food,  or  whether  it  was  produced  within  the  body,  from  otho* 
constituents  of  the  food. 

From  the  point  of  view  of  the  practical  agriculturist,  Bous- 
singault seems  fully  to  have  assumed  the  utility  of  attempting 
to  arrange  stock-foods  according  to  their  nutritive  value  com- 
pared with  that  of  hay  as  a  standard ;  and,  in  fact,  this  idea  has 
given  a  direction  to  much  subsequent  investigation  also. 

The  first  great  advance  made  by  Boussingault  was,  however, 
to  determine  the  nitrogen  in  a  large  number  of  different  foods ; 
and,  taking  the  amount  of  it  as  for  the  time  the  best  measore 
of  nutritive  value,  on  this  basis  to  compare  them  with  hay. 
That  is  to  say — supposing  100  parts  of  average  good  hay  to 
contain  a  certain  amount  of  nitrogen,  how  much  of  each  of  the 
other  foods  would  be  required  to  supply  the  same  amount  of  it? 
These  amounts  would,  on  the  supposition  adopted,  represent  the 
quantities  by  weight  in  which  one  food  may  be  substituted  for 
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another,  and  they  may  be  considered  as  the  theoretical  equiva- 
lents of  100  of  hay.  Accordingly,  he  determined  the  nitrogen 
in  about  seventy-six  different  descriptions  of  food,  which  at  tiiat 
date  involved  a  truly  enormous  amount  of  labour. 

Further,  he  selected  a  few  typical  articles  of  food  for  com- 
parative feeding  experiments,  so  as  to  be  able  to  compare  the 
results  obtained  both  with  those  indicated  by  theory  according 
to  their  contents  of  nitrogen,  and  with  the  estimates  of  others, 
founded  chiefiy  on  somewhat  similar  practical  trials.  He 
obviously  fully  recognised  the  difficulties  and  uncertainties  of 
euch  modes  of  experimenting,  and  took  great  care  to  obviate 
error  arising  fix)m  them. 

He  discussed  the  general  results  of  some  experiments  with 

milking  cows;  but  gave  in   some  detail   the   particulars   and 

results  of  ten  experiments  with  the  horse.      The  normal  food 

being  hay,  straw,  and  oats,  he  in  one  case  substituted  half  the 

hay  by  potatoes,  in  another  by  Jerusalem  artichokes,  in  another 

by  mangel,  in  another  by  ruta-baga,  and  in  another  by  carrots. 

^gain,  in  another  the  straw  and  oats  were  replaced  by  potatoes ; 

in  another  half  the  hay  was  replaced  by  more  oats  and  straw, 

^nd  so  on.     In  each  case  he  noted  the  change  in  weight,  and  in 

t^he  condition  of  the  animals  in  other  respects,  if  any ;  and  he 

j  udged  accordingly,  whether  the  amount  of  food  given  in  substi- 

t^nticn  was  too  much  or  too  little,  and  whether,  therefore,  the 

I>ractical  or  the  theoretical  results  were  the  most  to  be  relied  upon. 

He  brought  together  in  a  table  ^  the  estimates  of  the  value, 

oompared  with  100  of  hay,  of  the  seventy-six  different  articles  of 

fix>d  according  to  the  amount  of  nitrogen  he  found  in  them  ;  and 

mde  by  side  he  gave  the  hay  value  of  the  foods  according  to  the 

published  estimates  of  others,  and  to  the  results  of  his  own 

practical  trials. 

Subsequently,  however,  Boussingault  was  not  satisfied  with 
his  results  so  obtained,  and  he  pointed  out  that  what  was  still 
Wanting  was  the  determination  of  the  amount  of  the  various 
non-nitrogenous  constituents  also,  and  of  how  much  of  them  was 
digestible,  and  how  much  indigestible ;  and  eventually  he  deter- 
mined in  ninety  different  food-stufis,  not  only  the  nitrogen,  but 
the  mineral  matter,  the  woody  fibre  or  cellulose,  the  fatty  mat- 
ter, and  (probably  by  difference)  the  remaining  non-nitrogenous 
luatters,  which  he  recorded  as  starch,  sugar,  and  allied  bodies. 
As  to  the  nitrogen,  he  still,  as  formerly,  multiplied  the  amount 
found  by  6*25  to  represent  albumin,  legumin,  or  casein. 

He  also  still  took  100  parts  of  hay  as  the  standard  by  which 
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to  compare  the  nutritive  value  of  other  foods ;  as,  for  ruminantB 
and  horses,  he  considered  it  a  good  standard  food,  and  that  the 
relation  in  it  of  the  nitrogenous  and  the  digestible  non-nitro- 
genous constituents  was  fairly  normal.  He  now,  however, 
modified  the  meaning  of  the  equivalent  arrived  at,  by  taking  into 
account  the  amount  of  digestible  non-nitrogenous  substance 
associated  with  the  standard  amount  of  nitrogen  in  each  case; 
and,  if  there  were  a  deficiency,  he  stated  how  much  of  some  food 
rich  in  digestible  non-nitrogenous  matters  should  be  added  to 
complete  the  equivalent,  and  so  make  it  comparable  ¥dth  the 
100  of  hay.  Indeed,  he  now  laid  it  down  that  equivalent 
rations  must  contain  equal  amounts  of  digestible  non-nitro- 
genous as  well  as  of  the  nitrogenous  bodies. 

In  the  case  of  the  ninety  descriptions  of  food  which  he  analysed 
as  above  referred  to,  he  gave  a  table  ^  recording  the  results  ob- 
tained, and  then  showed  the  amount  of  each  food  required  to 
contribute  the  same  quantity  of  nitrogenous  substance  as  100 
of  hay.  Next,  he  calculated  how  much  nutritive  non-nitrogenoM 
matter,  reckoned  as  carbohydrate  of  42  per  cent,  carbon,  was 
supplied  in  the  amount  of  each  food  containing  the  nitrogen  of 
100  of  hay.  If  the  amount  were  less  than  in  100  of  hay,  he  cal- 
culated how  much  straw  was  required  to  supply  the  deficiency, 
assuming  straw  to  contain  45  per  cent,  of  such  matter.  The  final 
result  showed,  not  only  the  same  amount  of  nitrogenous,  but  as 
much  of  digestible  non-nitrogenous  substance  also,  as  100  of 
hay.  If,  however,  the  nitrogen  equivalent  of  the  food  contained 
an  excess  of  digestible  non-nitrogenous  constituents,  he  did  not 
make  any  corresponding  deduction  from  the  ration. 

Boussingault  fully  recognised  that  food  equivalents  so  cal- 
culated are  only  satisfactory  in  comparing  foods  of  the  same  de- 
scription, which  he  classified  generally  as  follows  : — 

1.  Hays  and  straws. 

2.  Roots  and  tubers. 

3.  Oily  seeds. 

4.  Cereal  grains,  leguminous  seeds,  oilcake,  &c. 

He  pointed  out  that  when  the  application  of  the  tables  is  thus 
limited,  they  are  very  useful  in  showing  how  one  food  may  be 
advantageously  substituted  for  another  of  the  same  class,  accord- 
ing to  relative  abundance,  cheapness,  and  so  on. 

In  conclusion  in  regard  to  Boussingault :  4n  giving  a  sketch 
of  the  history  of  the  progress  in  our  knowledge  of  the  subject 
of  the  feeding  of  the  animals  of  the  farm,  it  was  only  doe 
to   him   to   give   prominence   to   his    enormous,   painstaking, 
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and  moet  conscientious  labours  in  regard  to  it.  This  is  the 
case,  independently  of  any  direct  applicability  of  his  results 
and  conclusions  at  the  present  time,  because  he  was  essentially 
the  pioneer,  and  his  conceptions  and  methods  have  had  a  very 
marked  influence  on  the  direction  of  subsequent  investigations. 
It  was  in  1842,  that  is,  after  Boussingault's  first  systematic 
discussion  of  the  subject,  but  before  his  second,  that  Liebig 
published  his  work  entitled  Chemistry  in  its  Applications  to 
Physiology  and  Pathology,  In  it  he  treated  of  food  in  its 
relations  to  the  various  exigencies  of  the  animal  body ;  and, 
apparently  impressed,  as  was  Boussingault,  with  the  fact  that 
nitrogenous  constituents  were  both  essential  and  characteristic 
of  the  animal  body,  and  that  they  must  therefore  be  supplied  in 
the  food  they  consumed,  and,  in  the  case  of  the  herbivora,  in 
vegetable  foodnstufib,  he  also,  like  Boussingault,  indeed,  probably 
directly  influenced  by  his  results  and  conclusions,  himself  con- 
cluded that  the  comparative  values  of  food-stufls  as  such  were,  as 
a  role,  measurable  by  their  richness  in  the  nitrogenous,  rather 
than  in  that  of  the  non-nitrogenous  constituents — that  is  to  say, 
more  by  their  flesh-forming  than  by  their  more  specially  re- 
spiratory or  fat-forming  capacities.     Thus  he  says  (p.  45)  : — 

Chemical  reeearches  have  shewn,  that  all  such  ^arts  of  vegetables  as  can 
afford  nutriment  to  animals  contain  certain  constituents  which  are  rich  in 
:3iitrogen ;  and  the  most  ordinary  experience  proves  that  animals  require  for 
their  support  and  nutrition  less  of  these  parts  of  plants  in  proportion  as  they 
abound  m  the  nitrogenous  constituents. 

Again,  at  p.  369  of  the  third  edition  of  his  Chemical 
Xetters  (1851)  he  says : — 

The  admirable  experiments  of  Boussingault  prove,  that  the  increase  in 
^e  weight  of  the  bodv  in  the  fattening  or  feeding  of  stock  (just  as  is  the 
case  with  the  suppl;^  of  milk  obtained  m)m  milch  cows),  is  in  proportion  to 
the  amount  of  plastic  constituents  in  the  daily  supply  of  fodder. 

Liebig  would  probably  be  somewhat  biassed  in  favour 
cf  the  conclusion  here  stated  by  the  view  he  held — that  the 
amount  of  force  exercised  in  the  animal  body  was  measurable 
l>y  the  amount  of  nitrogenous  substance  transformed,  and  this 
again  by  the  amount  of  urea  found  in  the  urine.  To  Liebig's 
Tiews  on  this  latter  point,  as  well  as  on  the  question  of  the 
sources  in  the  food  of  the  fat  of  the  animal  body,  and  on  some 
other  points  of  scientific  as  well  as  practical  interest,  reference 
^11  be  made  further  on,  when  considering  each  of  these  several 
questions  independently.  In  the  meantime  our  special  object 
is  to  show,  what  were  the  prevailing  opinions  on  the  subject  of  the 
adaptation  of  foods,  according  to  their  composition,  to  the  sum 
of  the  requirements  of  the  animals  of  the  farm,  which  include, 
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not  only  those  for  the  mere  maintenance  of  the  body,  bnt  thoee 
for  increase  in  live- weight,  for  the  production  of  milk,  or  for 
the  exercise  of  force,  as  the  case  may  be.  It  was,  however,  not 
only  in  regard  to  the  foods  of  the  animals  of  the  farm,  but  to 
human  foods  also,  that  the  system  of  estimating  their  compara- 
tive value  according  to  their  percentage  of  nitrogen  came  to 
be  applied.  Thus,  different  descriptions  of  flour  and  bread, 
and  numerous  other  aliments,  both  vegetable  and  animal,  were 
examined,  and  their  comparative  food-values  were  assumed  to 
be  indicated  by  their  richness  in  nitrogen. 

The  Rothamsted  Feeding  Experiments. 

It  was  in  1847,  after  Boussingault  had  published  his  first 
tables  of  the  comparative  nutritive  values  of  different  foods, 
founded  on  their  percentage  of  nitrogen,  and  after  Liebig  liad 
substantially  endorsed  Boussingault's  conclusions  on  the  pouit, 
that  systematic  feeding  experiments  were  commenced  at 
Rothamsted.  In  the  arrangement  of  them,  the  settlement  of 
the  questions  raised  by  the  experiments  and  conclusionfl  of 
Boussingault,  and  by  the  enunciation  of  the  theoretical  views  of 
Liebig,  was  kept  prominently  in  view.  But  the  plans  adopted 
were,  in  some  points,  characteristically  different  from  tiiose 
adopted  by  Boussingault,  and  even  more  so  from  those  which,  as 
we  shall  see  further  on,  have  been  generally  followed  by  subse- 
quent experimenters. 

In  Boussingault's  feeding  experiments  he  sought  to  ascer- 
tain the  comparative  values  of  different  foods  by  trials  with 
animals  which  were,  as  far  as  possible,  maintained  in  an  uniform 
condition,  both  as  to  weight  and  other  circumstances;  but 
which  were,  nevertheless,  living  and  feeding  under  the  normal 
conditions  of  such  animals — for  example,  a  cow  yielding  milk,  or 
a  horse  performing  work.  A  vast  amount  of  careful  experiment 
has,  however,  since  been  devoted  by  others  to  determine  the 
food  requirements  of  a  given  live-weight  for  mere  sustenance  or 
maintenance  ;  that  is,  not  only  without  either  loss  or  gain,  bnt 
exclusively  of  the  yield  of  milk,  increase  in  live-weight,  or  the 
exercise  of  force  ;  and  then,  as  a  separate  question,  to  determine 
in  the  case  of  animals  feeding  for  the  production  of  meat,  how 
much  of  the  different  constituents  of  food  is  required  to  be  supple- 
mented to  the  mere  sustenance  ration,  to  obtain  the  maximnm 
increase  for  the  minimum  expenditure  of  the  different  food-con- 
stituents. 

Our  own  plan  was,  on  the  other  hand,  in  the  case  of  animals 
fed  for  the  production  of  meat,  to  select  foods  of  recognised 
value  for  such  animals  ;  to  give  a  fixed  quantity  daily,  of  one  or 
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more,  and  to  allow  the  animals  to  take,  ad  libitum,  of  some  other 
or  complementary  food ;  the  object  being,  excepting  in  certain 
cases  for  comparison,  to  secure  that  they  should  yield  normal  or 
{nil  increase  in  weight,  and  that  the  results  should  indicate  to 
what  constituent,  or  class  of  constituents,  in  the  food,  the  actual 
and  comparative  results  were  to  be  attributed. 

It  will  be  seen  that,  under  such  a  plan,  the  animals  practi- 
cally fixed  their  own  consumption,  according  to  the  composition 
of  the  foods,  and  to  their  requirements ;  and  that  the  amounts 
of  food,  or  of  its  various  constituents,  consumed,  covered  the  re- 
quirements, both  for  mere  maintenance,  and  for  the  growth 
and  fattening  increase,  as  the  case  might  be.  It  was  thought 
that  results  so  obtained,  being  comparable  with  those  of  actual 
practice,  would  supply  important  data  for  the  elucidation  of  the 
principles  involved  in  such  practice. 

Several  hundred  animals — oxen,  sheep,  and  pigs — have  been 
experimented  upon.  In  the  greater  number  of  cases,  and 
especially  in  the  earlier  years,  it  was,  owing  to  the  amonnt  of 
labour  involved,  found  to  be  impracticable  to  do  more  in  the 
way  of  analysis  of  the  foods  than  to  determine  in  them  the  per- 
centages of  dry  substance,  of  mineral  matter,  of  nitrogen,  and 
sometimes  of  fatty  matter.  From  the  results  were  calculated — 
the  amounts  of  total  nitrogenous  substance,  of  total  non-nitro- 
genous organic  substance,  and  of  total  organic  matter,  which 
the  food  supplied. 

At  that  time,  little  or  nothing  had  been  done  in  the  way  of 
determining,  either  the  condition  of  combination  of  the  nitro- 
gen in  vegetable  foods,  or  the  character  of  the  non-nitrogenous 
bodies.  The  only  method  then  practicable  was,  to  calculate 
the  amount  of  nitrogenous  substances  from  the  amount  of 
nitrogen,  a  plan  which,  we  pointed  out,  was  liable  seriously  to 
mislead,  if  due  allowance  were  not  made  for  differences  in  the 
composition,  and  condition,  of  the  substances  so  estimated.  In 
the  case  of  ripened  final  products,  such  as  cereal  grains,  and  the 
leguminous  seeds,  there  is  comparatively  little  error  in  so 
reckoning  the  whole  of  the  nitrogen  to  exist  as  albuminoid 
bodies ;  in  hays  and  straws  there  is  a  much  larger  proportion  of 
the  total  nitrogen  non-albuminoid ;  and  in  succulent  products, 
such  as  roots  and  tubers,  much  more  still. 

Then,  again,  the  proportion  of  the  non-nitrogenous  organic 
substance  which  is  digestible  is  very  different  in  different  vege- 
table products.  Thus,  in  hays  and  straws  there  is  a  large  pro- 
portion of  indigestible  woody  fibre,  in  cereal  grains  and  legu- 
minous seeds  much  less,  and  in  roots  and  tubers  very  little. 

We  shall,  nevertheless,   find  that  when,  as   was  always 
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done  in  our  interpretation  of  the  lesolts,  dne  reservation  is 
made  as  to  the  character,  both  of  the  so-reckoned  nitrogenooB, 
and  of  the  non-nitrogenons  organic  substance,  of  the  different 
foods,  the  indications  are  very  clear  and  significant  as  to 
whether,  taking  our  £Etttening  foodnstuflb  as  they  go,  their  com- 
parative food-value  is  measurable,  more  by  their  contents  in  diges- 
tible nitrogenous,  or  in  digestible  non-nitrogenous  constituents. 

The  investigations  also  involved  the  determination  of  the 
composition,  and  especially  of  the  amounts  and  the  proportion 
of  the  nitrogenous,  and  of  the  non-nitrc^nous  constituents,  in 
the  bodies  of  the  animals  themselves,  and  in  their  increase 
whilst  fiittening ;  and  it  also  involved  that  of  the  composition 
of  the  excrements,  that  is,  of  the  manure. 

Thus,  the  inquiry  embraced  the  following  points : — 

1.  The  amount  of  food,  and  of  its  several  constituents, 
consumed  in  relation  to  a  given  live- weight  of  animal,  within  a 
given  time. 

2.  The  amount  of  food,  and  of  its  several  constituents, 
consumed  to  produce  a  given  amount  of  increase  in  live-weight 

3.  The  proportion,  and  relative  development,  of  the  different 
organs  or  parts  of  different  animals. 

4.  The  proximate  and  ultimate  composition  of  the  animiJs, 
in  different  conditions  as  to  age  and  fatness ;  and  the  probable 
composition  of  their  increase  in  live-weight  during  the  &tten- 
ing  process. 

5.  The  composition  of  the  solid  and  liquid  excreta  (the 
manure)  in  relation  to  that  of  the  food  consumed. 

6.  The  loss  or  expenditure  of  constituents  by  respiration 
and  the  cutaneous  exhalations — that  is,  in  the  mere  sustenance 
of  the  living  meat-and-manure-making  machine. 

7.  The  yield  of  milk  in  relation  to  the  food  consumed  to 
produce  it ;  and  the  influence  of  different  descriptions  of  food 
on  the  quantity,  and  on  the  composition,  of  the  milk. 

As  already  said,  several  hundred  animals — oxen,  sheep,  and 
pigs — have  been  submitted  to  experiment. 

The  amount,  and  the  relative  development,  of  the  different 
organs  or  parts  were  determined  in  2  calves,  2  heifers,  U 
bullocks,  1  lamb,  249  sheep,  and  59  pigs. 

The  percentages  of  water,  mineral  matter,  fat,  and  nitro- 
genous substance,  were  determined  in  certain  separated  parts, 
and  in  the  entire  bodies,  of  10  animals — namely,  1  calf,  2 
oxen,  1  lamb,  4  sheep,  and  2  pigs.  Complete  analyses  of  the 
ashes,  respectively  of  the  entire  carcasses,  of  the  mixed  internal 
and  other  '  offal '  parts,  and  of  the  entire  bodies,  of  each  of  these 
ten  animcjs,  have  also  been  made. 
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From  the  data  provided,  as  above  described,  as  to  the  chemical 

composition  of  the  different  descriptions  of  animal  in  different 

conditions  as  to  age  and  fatness,  the  composition  of  the  increase 

whilst  fattening,  and  the  relation  of  the  constituents  stored  up 

iu  the  increase  to  those  consumed  in  food,  have  been  estimated. 

To  ascertain  the  composition  of  the  manure  in  relation  to 
that  of  the  food  consumed,  oxen,  sheep,  and  pig»,  have  been 
experimented  upon. 

The  loss  or  expenditure  of  constituents,  by  respiration  and 
the  cutaneous  exhalations,  has  not  been  determined  directly, 
that  is  by  means  of  a  respiration  apparatus,  but  only  by 
difference ;  that  is,  by  calculation,  founded  on  the  amounts  of 
dry  matter,  ash,  and  nitrogen,  in  the  food,  and  in  the  (increase) 
fseces  and  urine. 

Independently  of  the  points  of  inquiry  above  enumerated, 
tlie  results  obtained  have  supplied  data  for  the  consideration  of 
tihe  following  questions : — 

1.  The  sources  in  the  food  of  the  fat  produced  in  the  animal 
lK>dy. 

2.  The  characteristic  demands  of  the  animal  body  (for 
Xiitrogenous  or  non-nitrogenous  constituents  of  food)  in  the 
exercise  of  muscular  power. 

8.  The  comparative  characters  of  animal  and  vegetable 
£oods  in  human  dietaries. 

Food  Consumed  and  Increase  Produced. 

It  is  proposed,  fii*st  to  consider  the  results  illustrating  the 
amounts  of  food,  and  of  its  nitrogenous  and  non-nitrogenous 
cionstituents  respectively,  consumed  by  a  given  live-weight  of 
^^nimal  within  a  given  time,  and  the  amounts  required  to 
X^roduce  a  given  amount  of  increase  in  live-weight.  The  illustra- 
tions will  be  drawn  from  experiments  with  sheep  and  with  pigs. 

The  Eccpenments  with  Sheep. 

Table  II.  shows,  for  each  of  three  series  of  experiments 
^with  sheep,  in  the  first  three  columns  the  amounts  of  nitro- 
genous, of  non-nitrogenous,  and   of  total   organic   substance, 
aytisumed  per  100  lb,  live-weight  per  week,  and  in  the  last  three 
columns  the  amounts  cotisumed  to  produce  100  Ih,  increase  in  live- 
weight.     The   figures    represent  the   quantities   of    the   crude 
constituents  consumed;  that   is,  the   amounts  of  nitrogenous 
substance  calculated  by  multiplying  the  nitrogen  by  6*3,  which 
implies  that  the  whole  of  it  exists  in  the  foods  as  albuminoids, 
which  admittedly  is  not  the  case.     It  will  be  seen,  however, 
that  this  method  is  quite  sufficient   for  the   purposes  of  the 


f4 


Tlw  Feeding  of  Animals. 


illoBtarationa  at  present  in  view ;  though  it  is  frequently  &r 
from  accurate  in  the  case  of  nnripened  vegetable  products,  and 
it  is  especially  so  in  that  of  succulent  foods,  such  as  feeding 
roots.  The  amounts  of  crude  non-nitrogenous  substance  are 
calculated  by  deducting  those  of  the  mineral  matter,  and  of  the 
crude  nitrogenous  constituents,  frx)m  those  of  the  total  dry 
matter  consumed.  Here  again,  it  is  admitted  that  the  results 
are  only  approximations  to  the  truth  ;  but  it  will  be  seen  that, 
as  in  the  case  of  the  nitrogenous  constituents,  they  are  never- 
theless quite  sufficient  for  the  purposes  of  our  present  illustiu- 
tions.  The  crude  total  organic  matter  is  simply  the  sum  of 
the  nitrogenous  and  non-nitrogenous  calculated  as  above. 

Table  II. — Experimenla  with  Sheep  made  at  Rotharmsted  in  1850. 
Nitrogenous  and  Non-nitrogenous  constituents  consimied  per  100  lb. 
live-weight  per  toeek  ;  and  to  produce  100  lb,  increase  in  lii^-toeighL 


Pens 


Limited  food 


Ad  libitum 
food 


Per  100  lb.  live- weight 
per  week 


Nitro- 1    Non- 
ge-   I  nitro- 
nouB     genoas^ 


Total 
organic 


To  prodoee  100  Ib.^^ 
oreaae  in  Ure-wcif "^^ 


Ni.  I    Kon-    TotmJ 
anoge-j  nitro-  '  or- 
nous   geooiu  gknk 


1 
2 
3 
4 


1 
2 
3 
4 


SERIES  1.    5  SHEEP  IN  BACH  PEN  (14  WEEKS). 


Linseed-cake  . 
Oats 

Clover  chaflf    . 
Oat-straw  chaff 


]  Swe-  ( 
\  dish  - 
I  turnips  I 


Mean  . 


2-46  i  9-85 
1-67  '  11-36 
1-64  ,1312 
107    10-17 


12-31 
12-93 
14-76 
11-24 


1-68     1113     12-81 


167 
103 
102 
102 


650 

817 

6S4 

787 

736 

838 

913 

1,015 

118      746     ^ 


SERIES  2.  5  SHEEP  IN  EACH  PEN  (19  WEEKS). 


Linseed- cake 
Linseed  . 
Barley    . 
Malt 


Clover 
chaff 


Mean  . 


3-78 
3-21 
2-58 
2-62 


12-93 
12-66 
13-79 
1402 


302  1 13-35 


16-71 
16-87 
16-37 
1655 


16-38 


321 
289 
235' 
266: 


1,103  : 1.424 
1.144  1.433 
1.269  1,604 
1.467   1.733 


278 ;  i;244  1,581 


1 
2 
3 

4 
5 


SERIES  3.     5 '  SHEEP  IN  EACH  PEN  (10  WEEKS). 


Barley     .... 
Malt  and  malt  dost 
Barley  (steeped)    . 
Malt  and  dast  (steeped) 
Malt    and    dust    (extra 
quantity)     . 


Man- 
gel 


Mean  . 


1-70 
1-64 
208 
1-77 

1-89 


1-82 


10-59 
10-12 
12-60 
10-70 

11-63 


1113 


12-29 
11-76 
14-68 
12-47 

13-52 


12-94 


118! 
111! 
121 
136 

126 


123 


781  I  850 

677  '  788 

730  851 

821  958 


776 


I 


747 


903 


8T0 


*  Only  four  sheep  in  pens  1,  3,  and  4. 
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Beferring  to  the  results,  it  is  impossible  to  go  into  any 
detail  here.  A  glance  at  the  figures  in  the  first  three  columns 
of  the  Table  (II.)  relating  to  the  amounts  of  the  constituents 
consumed  per  100  lb.  live-weight  per  week  is  sufficient  to  show 
that,  in  all  comparable  cases,  there  was  much  more  uniformity 
in  the  amounts  of  the  non-nitrogenous  than  in  those  of  the 
nitrogenous  substance  consumed  for  a  given  live-weight  of  the 
fattening  animal  within  a  given  time.  The  deviations  from 
this  general  regularity  in  the  amount  of  non-nitrogenous  sub- 
stance consumed  are,  indeed,  in  most  cases  such  that,  when  they 
are  examined,  they  tend  clearly  to  show  that  the  uniformity 
would  be  considerably  greater  if  the  amounts  of  only  the  really 
available  respiratory  and  fat-forming  constituents  had  been 
represented,  instead  of  those  of  the  crude  or  total  non-nitrogenous 
substance  consumed. 

As  pointed  out  in  our  earlier  papers,  in  reading  the  figures 
allowance  has  obviously  to  be  made,  both  for  those  of  the  non- 
nitrogenous  constituents  which  would  probably  become  at  once 
effete,  and  also  for  the  different  respiratory  and  fat-forming 
capacities  of  the  portions  which  are  digestible.  Thus,  com- 
paring series  with  series,  the  amounts  are  higher  in  Series  2, 
where  the  ad  libittmt  food  was  clover  chaff  containing  a  large 
amount  of  indigestible  fibre,  than  in  either  of  the  other  series, 
where  it  consisted  of  Swedish  turnips  or  mangel  wurzel.  Then, 
the  quantity  consumed  was  higher  in  the  third  pen  of  Series  1, 
with  clover  chaff,  than  in  the  other  pens  of  the  same  series ; 
and  it  was  lower  in  pen  1  of  Series  1,  with  linseed  cake 
containing  much  oil;  and  it  was  again  lower  in  pens  1 
and  2  of  Series  2,  also  with  much  fatty  matter  in  the  food, 
than  in  the  other  pens  of  the  same  series  with  cereal  grain. 

Indeed,  when  we  bear  in  mind  the  various  circumstances 
which  must  tend  to  modify  the  indications  of  the  actual  figures, 
it  will  be  admitted  that  the  coincidences  in  the  amounts  of 
available  respiratory  and  fat-forming  constituents  consumed  by 
a  given  weight  of  animal  within  a  given  time,  are  much  more 
striking  and  conclusive  than,  considering  the  views  prevalent 
on  the  subject  at  the  time,  could  have  been  anticipated. 

With  this  general  uniformity  in  the  amounts  of  the  wcm- 
nitrogenous  substance  consumed  by  a  given  live-weight  within 
a  given  time,  the  amounts  of  the  nitrogenous  constituents  so 
consumed  are,  on  the  other  hand,  seen  to  vary  under  the  same 
circumstances  in  the  proportion  of  from  one  to  two,  or  three,  or 
more. 

Let  us  now  refer  to  the  last  three  columns  of  Table 
n.,   which  show  the  amounts  of  the  respective   constituents 
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consumed  to  frroduce  100  Ih.  increase  in  liverweighL  In  con- 
sidering these  results  we  must,  as  when  discussing  those  relating 
to  the  consumption  by  a  given  live-weight  within  a  given  time, 
read  the  indications  of  the  actual  figures  as  modified  by  the 
obviously  different  capacities,  for  the  purposes  of  the  animal 
economy,  of  the  substances  the  amounts  of  which  they  are 
assumed  to  represent.  It  must  also  be  borne  in  mind,  that  the 
proportion  of  real  dry  substance  in  the  increase  of  the  animal 
will  vary  to  some  extent  according  to  the  character  of  the  food. 
For  example,  it  will  be  rather  the  less,  the  more  sncculent  the 
food,  and  the  gi-eater,  the  greater  the  proportion  of  fat  in  the 
increase.  Again,  as  in  the  case  of  the  results  showing  the  con- 
sumption for  a  given  live-weight  of  the  fattening  animal  withih 
a  given  time,  the  figures  represented  the  demand,  not  only  for 
respiration,  and  for  maintenance  in  other  respects,  but  also  that 
for  increase  in  live-weight,  so  now  those  specially  arranged  to 
show  the  relation  of  consumption  to  increase,  at  tiie  same  time 
include  the  amounts  required  by  the  exigencies  of  respiration 
and  maintenance. 

Taking  a  general  view  of  the  results,  which  is  all  that  can 
be  done  here,  it  is  seen  that  where  clover  chafi*,  with  its  large 
amount  of  indigestible  woody  fibre,  was  used  as  the  ad  libitum 
food,  the  total  amount  of  non-nitrogenous  substance  consumed 
to  produce  a  given  increase  in  live-weight  was  much  greater 
than  where  t£e  ad  libitum  food  consisted  of  roots.  Due 
allowance  must,  therefore,  be  made  for  this  in  comparing  the 
results  of  one  series  with  those  of  another.  Doing  this,  it  is 
obvious  that  the  amounts  of  really  available  non-nitrogenous 
substances  consumed  were,  at  any  rate,  much  more  nearly 
uniform  in  the  different  series,  and  in  the  different  pens,  than 
were  those  of  the  nitrogenous  substance.  Of  the  differences 
that  would  still  remain,  most  would  be  again  reduced  by 
making  allowance  for  the  different  respiratory  and  fat-forming 
capacities  of  the  remaining  available  non-nitrogenous  con- 
stituents ;  since,  for  example,  much  less  of  fatty  matter  would 
be  required  than  of  starch  or  sugar,  or  of  the  pectine  compounds 
of  the  roots. 

Again,  as  in  the  case  of  the  consumption  by  a  given  live- 
weight  within  a  given  time,  so  now  in  that  of  the  consumption 
to  produce  a  given  amount  of  increase,  there  is  a  much  wider 
range  of  difference  in  the  amounts  of  the  nitrogenous  than  of 
the  non-nitrogenous  constituents  consumed  ;  and  the  differences 
are,  as  before,  much  greater  than  can  be  explained  by  the 
differences  in  the  character  of  the  nitrogenous  substances  which 
the  figures  represent  in  the  different  cases. 
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Thus,  then,  the  results  of  these  experiments  with  sheep, 
when  interpreted  with  due  regard  to  the  known  differences  in 
the  character  of  the  nitrogenous  and  non-nitrogenous  con- 
stituents in  the  different  foods,  fully  justify  the  conclusions 
drawn  from  them  more  than  forty  years  ago : — namely,  that 
taking  food-stuffs  as  they  go,  it  is  their  supply  of  the  digestible 
non-nitrogenous,  that  is  of  the  more  specially  respiratory  and 
&t-forming  constituents,  rather  than  that  of  the  nitrogenous  or 
specially  flesh-forming  ones,  that  regulates  both  the  amount 
of  food  consumed  by  a  given  live-weight  of  animal  within  a 
given  time,  and  the  amount  of  increase  in  live-weight  produced. 

But  as  it  seems  to  have  been  tacitly  assumed  in  recent  years, 
since  much  attention  has  been  paid  to  the  investigation  of  the 
digestibility  of  the  different  constituents  of  foods,  that  conclusions 
founded  on  the  determined  amount  in  the  foods  of  the  crude 
substances  only  cannot  be  relied  upon,  we  have  had  the  whole 
of  our  early  results,  both  with  sheep  and  with  pigs,  re-calculated, 
making  correction,  as  far  as  practicable,  for  the  amounts  of  the 
constituents  in  the  different  foods  which  are  assumed  to  be  in- 
digestible, or  otherwise  not  of  food-value,  according  to  the  Tables 
given  by  Emil  von  Wolff  in  the  edition  of  his  work  published  in 
1888.  He  there  gives,  for  nearly  200  different  articles  of  stock 
foods,  the  percentages  of  water,  mineral  matter  (ash),  crude 
protein,  crude  fibre,  non-nitrogenous  extractive  matters,  and 
crude  &t ;  and  then  the  percentages  of  digestible  albuminoids, 
digestible  carbohydrates,  and  digestible  fat.  In  applying  his 
data  to  our  results,  the  amount  of  the  crude  substance  in  each 
description  of  food  is  reduced  in  the  proportion  which  his  figures 
show  of  crude  to  digestible  in  the  same  description  of  food. 
Further,  in  the  case  of  the  so  estimated  amounts  of  digestible 
fatty  matter,  the  figure  obtained  has  been  multiplied  by  2*4  to 
bring  it  approximately  to  its  equivalent  of  carbohydrate,  the 
amount  then  being  added  to  the  other  digestible  non-nitrogenous 
substance,  so  reckoning  the  whole  as  carbohydrate.  Lastly, 
as  Wolff  makes  no  correction  for  the  non-albuminoid  condition 
of  a  large  portion  of  the  nitrogen  in  succulent  roots,  it  has  been 
assumed,  in  accordance  with  results  obtained  at  Kothamsted 
and  elsewhere,  that  in  Swedish  turnips  only  45  per  cent.,  and 
in  mangel  only  40  per  cent.,  of  the  total  nitrogen  will  exist 
as  albuminoids. 

There  are  obvious  objections  to  some  of  the  modes  adopted 
for  the  determination  of  the  digestible  constituents  of  the  various 
foods,  which  render  them  inapplicable,  without  considerable 
reservation,  to  the  estimate  of  the  amounts  of  the  constituents 
which  will  probably  be  actually  digested  in  the  case  of  ordinary 
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liberal  rations.     But,  if  accepted  as  approximations  only,  they 
andoubtedly  afford  asefal  data  for  some  general  conclusions. 

Neither  space  nor  time  will  permit  of  either  the  record  or 
the  discussion  of  the  re-calculated  tables.  It  must  suffice  hero 
to  say,  that  the  results  as  so  re-calculated — that  is,  making 
correction,  as  &r  as  present  knowledge  permits,  for  the  probable 
amounts  of  the  indigestible  or  non-available  constituents  of  the 
various  foods — not  only  fully  confirm  the  conclusions  drawn  on 
a  careful  study  of  the  circumstances  of  the  experiments,  and  of 
their  results,  more  than  forty  years  ago,  but  they  bring  out  the 
points  then  maintained  still  more  clearly  to  view. 

• 

The  Experiments  ivith  Pigs. 

Let  us  next  see  whether  experiments  with  pigs  lead  to 
similar  conclusions.  The  pig  requires  much  less  bulk  in  his 
food  than  the  ruminant.  His  food,  and  especially  his  fattening 
food,  consists,  weight  for  weight,  of  a  much  larger  proportion  of 
digestible  or  convertible  constituents,  and  contains  very  little 
effete  woody  fibre.  Thus,  whilst  the  food  of  oxen  and  sheep  is 
composed  principally  of  grass,  hay,  straw,  and  roots,  witii  a 
comparatively  small  proportion  of  grain,  leguminous  seeds,  or 
other  concentrated  foods,  that  of  the  pig  consists  largely  of  grain 
or  other  seeds,  which  contain  a  comparatively  small  amount  of 
indigestible  woody  fibre,  and  a  large  proportion  of  starch  or 
other  digestible  carbohydrate,  and  nitrogenous  matters  which 
are  almost  entirely  in  the  condition  of  albuminoids.  It  is  true 
that  the  pig  consumes  also  more  or  less  of  starchy  tubers,  or 
saccharine  roots,  which  contain  a  considerable  proportion  of 
their  nitrogen  in  other  forms  than  albuminoids.  But  the  more 
rapidly  he  is  fattened,  the  larger  is  the  proportion  in  his  food  of 
starchy  grains,  or  other  ripened  seeds. 

Notwithstanding  the  much  more  concentrated  and  digestible 
character  of  the  food  of  the  fattening  pig,  he  consumes  a  much 
larger  quantity  of  dry  substance  in  proportion  to  his  weight 
than  either  the  ox  or  the  sheep.  In  these  circumstances  he 
yields  much  more  increase,  both  in  proportion  to  a  given  live- 
weight  within  a  given  time,  and  to  a  given  amount  of  dry 
Nubstance  of  food  consumed.  This  is  clearly  illustrated  in 
Table  IV.,  p.  35,  which  shows,  as  an  approximate  average, 
that,  per  100  lb.  live-weight  per  week,  the  fattening  ox  will 
consume  about  12*5  lb.  of  dry  substance  of  food,  and  yield 
about  1*13  lb.  of  increase  ;  the  sheep  will  consume  about  16  lb. 
of  dry  substance  of  food,  and  yield  about  1*76 lb.  of  increase; 
whilst  the  pig,  on  the  other  hand,  will  consume  about  27  lb. 


The  Feeding  of  Animals,  19 

of  dry  substance  of  his  more  concentrated  food,  and  yield  about 
6*43  lb.  of  increase.  Indeed,  compared  with  oxen  or  sheep, 
the  liberally  fed  fattening  pig  will  consume  much  more  food  in 
excess  of  that  required  for  the  respiratory  function  and  for  mere 
maintenance,  so  that  the  amounts  of  non-nitrogenous  matters 
consumed  for  a  given  live-weight  within  a  given  time  represent 
in  less  proportion  the  respiratory  requirements,  and  in  a  greater 
proportion  those  for  increase. 

Numerous  feeding  experiments  have  been  made  at  Roth- 

amsted  with  pigs.     In  1850,  Series  1,  with  twelve  pens.  Series 

2,  also  comprising  twelve  pens,  and  Series  3,  with  five  pens ; 

and  subsequently  a  fourth  Series  of  four  pens  was  made.     The 

general  plan  was  to  give,  in  one  or  more  pens,  food  of  high  or 

of  low  percentage  of  nitrogen  as  the  case  might  be,  ad  libitum ; 

then  in  others  to  give  a  fixed  and  limited  amount  of  food  of  low 

percentage  of  nitrogen,  and  ad  libitum  a  food  of  high  percentage  ; 

or  a  fixed  and  limited  amount  of  food  of  high  percentage  of 

nitrogen,  and  ad  lihitum  a  food  of  low  percentage,  and  so  on ; 

and  as  the  ad  libitum  food  always  supplied  much  the  larger 

proportion  of  the  total  ration,  the  animals  fixed  their  own  con- 

cunaption,  according  to  the  composition  of  the  foods,  and  to 

tiheir  own  requirements ;  including  those  both  for  respiration 

«aid  maintenance,  and  for  increase. 

The  foods  of  high  percentage  of  nitrogen  consisted  in  most 
cases  of  an  equal  mixture  of  bean-  and  lentil-meal,  that  is  of 
lighly  nitrogenous  leguminous  seeds ;  and  those  of  low  percen- 
Xage  were,  in  most  cases,  either  maize-meal  or  barley-meal. 
Jn  some,  however,  either  pure  starch  or  pure  sugar  was  given. 
The  details  of  the  foods,  the  weights  and  increase  of  the  animals, 
jEind  of  the  amounts  of  the  various  foods,  and  of  their  nitrogenous 
cuid  non-nitrogenous  constituents  consumed,  per  100  lb.  live- 
'weight  per  week,  and  to  produce  100  lb.  of  increase  in  live- 
^weight,  have  been  given  and  folly  discussed  in  various  papers.* 
The  conclusion  drawn  from  the  results  of  the  various  experi- 
iments  with  pigs  was  that,  in  their  case,  as  in  that  with  sheep, 
it  was  the  supplies  in  the  food  of  the  available  non-nitrogenous 
or  total  organic  constituents,  rather  than  those  of  the  available 
nitrogenous  substance,  that  regulated  the  amount  consumed, 
lx)th  by  a  given  live-weight  within  a  given  time,  and  to  produce 
a  given  amount  of  increase.  The  point  is,  however,  even  more 
clearly  brought  to  view  by  the  graphic  representation  of  the 
results  given  in  the  coloured  diagrams  following  page  102. 

*  **  On  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding 
of  Animals  "  (Rep.  BHt,  Assoc,  for  1852);  "Pig  Feeding"  (Journal,  R.A.S.B., 
vol.  »▼.  (1853),  p.  459). 
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In  explanation  of  them  it  may  be  stated  that  nitrogenous 
substance  is  represented  by  black,  non-nitrogenous  by  yellow, 
and  total  organic  substance  by  red.  Diagram  I.  Ulostrates 
the  relative  amounts  of  the  respective  constituents  consumed 
per  100  lb.  live-weight  per  week;  and  Diagram  II.  the 
amounts  consumed  to  produce  100  lb.  increase  in  live-weight. 
Each  of  the  thirty  columns  represents  the  results  of  a  separate 
experiment  or  pen. 

The  first  nine  columns  show  the  results  of  experiments  1- 
8,  and  12,  of  Series  1 ;  the  next  twelve,  those  of  the  twelve 
experiments  of  Series  2  ;  the  next  five,  those  of  the  five  experi- 
ments of  Series  3 ;  and  the  last  four,  those  of  the  four  experiments 
of  Series  4.  It  may  be  added  that  there  were  three  pigs  in 
each  pen  of  Series  1,  2,  and  4,  and  four  in  each  pen  of 
Series  3. 

The  plan  of  the  diagrams  in  other  respects  will  be  best 
understood   by   giving  an   example.     Take,   for  instance,  the 
amounts  of  nitrogenous  substance  consumed  per  100  lb.  live- 
weight   per  week,  as  represented   in   black,  in  the  left-hand 
division   of   Diagram    I.      The    lowest  amount   so   consumed 
throughout  the   thirty  experiments   was  in  pen  5 ;    and  that 
amount  is  taken  as  100,  and  as  the  standard  by  which  to  com- 
pare the  amounts  consumed  in  the  other  pens ;  and  it  will  be 
seen  that,  in  the  case  of  this  pen  5,  the  colouring  does  not 
extend  above  the  base-line,  which  is  numbered  100  in  the  column 
of  figures  given  at  each  side  of  the  diagram.     It  will  be  further 
seen,  that  the  figures  range  up  to  300 ;  and  that,  for  example, 
in  the  case  of  pen   1  the  black  colouring  extends  above  the 
300  line.     That  is  to  say,  there  were  more  than  300  parts  of 
nitrogenous  substance  consumed  in  that  pen,  against  only  100 
in  pen  5.     In  like  manner,  the  height  of  the  colouring  for  each 
of  the   other   pens  represents   the   proportion   of  nitrogenous 
substance  consumed  in  that  pen,  compared  with  the  amount  in 
pen  5  taken  as  100. 

Exactly  the  same  plan  is  adopted  in  representing  tihe 
relative  amounts  of  non-nitrogenous,  and  of  total  organic  sub- 
stance, consumed  in  the  difierent  pens.  Thus,  the  lowest 
amount  of  non-nitrogenous  substance  consumed  per  100  lb. 
live-weight  per  week  was  in  pen  10,  which  is  therefore  repre- 
sented as  100,  and  the  relative  amounts  consumed  in  the  othear 
pens  are  represented  by  the  difierent  heights  of  the  yellow 
colouring  above  the  100  base-line. 

Again,  of  total  organic  substance  consumed  per  100  lb.  liv®" 
weight  per  week,  the  lowest  amount  was  in  pen  23,  and  the 
greater  amount  so  consumed  in  each  of  the  other  pens  is  repre- 
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aented  by  the  height  above  the  base-line  of  the  red  colouring  in 
each  case. 

It  need  only  be  added  that  precisely  the  same  plan  is  fol- 
lowed in  the  construction  of  Diagram  II.,  which  shows  the 
relative  amounts  of  the  substances  consumed  in  the  different 
experiments  to  produce  100  lb.  increase  in  live- weight. 

Referring  to  the  results,  and  first  to  those  represented  in 
Diagram  I.,  which  shows  the  relative  amounts  consumed  per 
100  lb.  live-weight  per  week,  a  glance  brings  strikingly  to  view 
the  fact,  that  there  was  no  uniformity  whatever  in  the  amounts 
of  nitrogenous  substance  so  consumed  in  the  thirty  different 
cases,  representing  as  many  different  rations.  Inde^,  it  is  seen 
that  the  amounts  ranged  in  the  proportion  of  100  to  more  than 
300 ;  with  very  great  variation  between  these  amounts.  The 
range  in  the  non-nitrogenous  substance  so  consumed  is,  on  the 
other  hand,  very  mach  less ;  reaching  in  but  few  cases  from  100 
to  150.  Lastly,  in  the  case  of  the  total  organic  substance  the 
range  is  less  still. 

Next,  referring  to  Diagram  II.,  showing  the  relative  amounts 
of  the  different  constituents  consumed  to  produce  100  lb.  increase 
in  live-weight,  there  is  again  no  uniformity  in  the  amounts  of 
nitrogenous  substance  so  consumed.  There  is,  however,  great 
uniformity  in  the  amounts  of  the  non-nitrogenous  substance  con- 
sumed ;  and  thei*e  is,  in  the  majority  of  cases,  about  the  same 
uniformity  in  those  of  the  total  organic  substance  consumed. 

It  should  be  understood  that,  in  these  diagrams  relating  to 
pigs,  as  in  the  table  relating  to  the  experiments  with  sheep,  it 
is  the  amounts  of  the  crude  nitrogenous,  the  crude  non-nitrogen- 
ons,  and  the  crude  total  organic  substance,  as  determined  by  the 
methods  of  analysis  already  described,  and  which  were  the  only 
ones  practicable  at  the  time,  that  are  represented.  Of  course, 
therefore,  the  indications  of  the  actual  results  have,  as  in  the  case 
of  those  with  sheep,  to  be  interpreted  with  due  regard  to  the 
known  facts  in  each  case.  But,  to  meet  objection,  we  nearly  twenty 
years  ago  re-calculated  the  results,  and  re-constructed  the  Dia- 
grams, making  correction  for  indigestible  or  non-available  con- 
stituents in  the  various  foods,  in  accordance  with  the  then  pub- 
lished Tables  of  Professor  Emil  von  Wolff;  and  more  recently,  as 
in  the  case  of  the  experiments  with  sheep,  we  have  had  them 
again  re-calculated  according  to  his  subsequently  revised  Tables, 
already  referred  to. 

It  may  be  stated  that  the  diagrams,  as  first  re-constructed, 

entirely  confirmed  the  conclusions  previously  drawn  ;  and,  indeed, 

illustrated  the  points  brought  out  by  those  at  first,  and  now 

again  given,  even  more  strikingly  still.     That  is,  they  showed 
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a  wider  range  in  the  amounts  of  the  nitrogenoos  substance 
sumed  in  the  different  experiments  ;  with  one  or  two  easil] 
plained  exceptions,  a  less  variation  in  the  amounts  of  tbe 
nitrogenous  substance  ;  and  especially  a  less  range  in  the  amc 
of  total  organic  substance  consumed.  The  two  methods  sho 
moreover,  with  some  obviously  necessary  exceptions,  com] 
tively  little  difference  in  what  is  called  the  "  nutritive  re 
that  is  the  relation  of  the  non-nitrogenous  to  the  nitroge 
constituents.  As  it  is  impossible  on  this  occasion  to  give 
discuss  both  sets  of  results,  it  seems  best,  after  this  explana 
to  adhere  to  the  originally  obtained  and  recorded  resultB  w 
led  to  the  conclusions  arrived  at  so  long  ago,  rather  than  to  a 
corrections  based  upon  factors  as  yet  not  sufficiently  establia 
Nevertheless,  it  is  satisfactory  to  find  that,  applying  the 
methods  of  correction  which  subsequent  investigations  sug| 
the  conclusions  formerly  drawn  are  confirmed  and  emphasi 
rather  than  in  any  way  vitiated  or  modified. 

In  conclusion  in  regard  to  this  branch  of  the  subject  :• 
must  be  considered  established,  that,  taking  ordinary  food-si 
as  they  go,  neither  the  amount  consumed  in  relation  to  a  g 
live-weight  of  the  animal  within  a  given  time  (which  of  oo 
in  the  fattening  animal  covers  the  requirements  for  increaa 
well  as  for  sustenance),  nor  the  amount  consumed  to  yie 
given  amount  of  increase  in  live- weight  (which  covers  the  reqi 
ments  for  sustenance  also),  was  at  all  in  proportion  to  the  ann 
of  the  nitrogenous  constituents  supplied.  It  is,  on  the  o 
hand,  obvious  that  the  consumption,  both  for  sustenance  anc 
increase,  was  much  more  nearly  in  proportion  to  the  amoui 
the  digestible  and  available  non-nitrogenous  constituents  i 
plied ;  but,  that  it  was  more  nearly  still  regulated  by 
amount  of  the  total  digestible  organic  substance — nitrogei 
and  non-nitrogenous  together — which  the  foods  supplied, 
indication  is,  indeed,  as  will  be  more  clearly  seen  further 
that,  if  there  be  a  deficiency  of  available  non-nitrogenous  < 
stituents,  an  excess  of  the  nitrogenous  may  to  a  certain  ex 
take  the  place  of  the  non-nitrogenous;  that,  in  fact,  wi) 
certain  limits,  the  two  classes  of  constituents  may,  for  the  ] 
poses  of  respiration  and  fat-formation,  mutually  replace  eachot 

When  die  character  of  the  main  products  of  respiration, 
the  prominence,  in  a  quantitative  sense,  of  the  respiratory  fi; 
tion  in  the  maintenance  of  the  body,  are  considered,  it  an 
only  what  might  be  expected,  that  the  consumption  by  a  gi 
live- weight  of  animal  within  a  given  time,  should  be  regolal 
more  by  the  supplies  in  the  food  of  the  oxidable  non-nitrogeofl 
than  of  the  nitrogenous  or  more  specially  flesh-forming  o 
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stitaents ;  and  now  that  it  is  known,  as  will  further  on  be  shown 
is  the  case,  that,  in  the  exercise  of  force  the  respiratory  action  is 
enormously  increased,  whilst  that  of  nitrogenous  transformation 
is  but  little  augmented,  the  result  is  rendered  still  more  con- 
sistent and  intelligible. 

That  the  increase  in  live-weight  of  the  animal  should  (provided 
the  food  be  not  abnormally  poor  in  nitrogenous  substances),  also 
be  regulated  more  by  the  supplies  of  the  non-nitrogenous  than 
of  the  nitrogenous  or  flesh-forming  constituents,  does  not  at 
first  sight  seem  so  intelligible. 

There  is,  however,  no  doubt  of  the  fact,  that  our  current 
fattening  rations  are,  as  such,  more  valuable  in  proportion  to 
their  richness  in  digestible  and  available  non-nitrogenous,  than 
to  that  of  their  nitrogenous,  constituents.  At  the  same  time,  as 
the  manure  is  valuable  largely  in  proportion  to  the  nitrogen  it 
contains,  there  is,  so  far,  an  advantage  in  giving  a  food  rich  in 
nitrogen,  provided  it  is  in  other  respects  a  good  one,  and,  weight 
for  weight,  not  much  more  costly.  But,  since  in  recent  years  the 
vegetable  products  most  benefited  by  nitrogenous  manures  have 
been  so  largely  imported  as  much  to  reduce  the  value  of  the 
lome-grown  crops,  even  this  advantage  of  highly  nitrogenous 
ibod-stuffs  is  becoming  of  less  importance,  and  that  of  having 
"the  best  food  for  the  progress  of  the  animal  one  of  more  and 
XQore  consideration. 

The  question  obviously  suggests  itself.  Of  what  does  the  in- 
csrease  of  the  animal  chiefly  consist  ?  To  experimental  evidence 
on  this  point  attention  will  next  be  directed. 

CoMPOsmoN  OF  Oxen,  Sheep,  and  Pigs,  and  of  theib 

Increase  whilst  Fattening. 

It  is  proposed  to  show  the  composition  of  some  of  the  animals 
^^  "the  farm  in  different  conditions  as  to  age  and  fatness ;  to  esti- 
*^^te  the  probable  composition  of  their  increase  in  live-weight 
^^^iring  the  fattening  process ;  and  to  show  the  relation  of 
^*^^  constituents  in  the  increase  to  those  consumed  in  the 
'^^^^od.  The  results  which  have  been  obtained  will  also  afibrd 
^^t»  for  the  discussion  of  the  question  of  the  sources  in  the 
^^^^t^d  of  the  fat  produced  in  the  animal  body ;  they  will,  further, 
^^^^ply  evidence  as  to  the  composition  of  the  manure  in  relation 
^^  that  of  the  food  consumed  ;  and  lastly,  they  will  lead  to  a 
P^^Xisideration  of  the  characteristic  food-requirements  of  the  body 
"^    t;he  exercise  of  force. 

To  determine  the  ultimate  composition,  and  in  a  sense  the 
izimate  composition  also,  of  oxen,  sheep,  and  pigs,  and  under 

c2 
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isach  conditions  that  the  results  obtained  should  serve  as  data  for 
the  estimation  of  the  probable  composition  of  their  increase  whilst 
growing  and  fattening,  ten  animals  were  selected  for  analysis, 
ramely  : — a  fat  calf,  a  half-fat  ox,  and  a  fat  ox ;  a  fat  lamb,  a 
store  sheep,  a  half-fat  old  sheep,  a  fat  sheep,  and  an  extra-fat 
sheep ;  a  store  pig,  and  a  fat  pig. 

Table  III.  (p.  25)  shows  the  percentage  of  mineral  matter,  of 
nitrogenous  compounds,  of  fat,  of  total  dry  substance,  and  of 
water — in  the  upper  division  in  the  collective  carcass  parts,  in 
the  middle  division  in  the  collective  offal  parts  (excluding  contents 
of  stomachs  and  intestines),  and  in  the  lower  division  in  the  entire 
bodies  of  the  ten  animals.  The  weight  of  the  contents  of 
stomachs  and  intestines  is  also  given. 

It  may,  in  the  first  place,  be  observed  that,  comparing  one 
animal  with  another,  all  the  results  tend  to  show  a  prominent 
connexion  between  the  amount  of  total  mineral  matter  and  that 
of  the  nitrogenous  constituents  of  the  body ;  there  being  a 
general  tendency  to  a  rise  or  fall  in  the  percentage  of  mineral 
matter,  with  the  rise  or  fall  in  that  of  the  nitrogenous  compounds. 

Comparing  the  composition  of  the  different  carcasses,  it  is 
seen  that  there  was,  in  every  instance  excepting  that  of  the  calf, 
a  considerably  higher  percentage  of  fat  than  of  total  nitrogenous 
substance. 

In  the  carcass  of  even  the  store  or  lean  sheep  there  was  more 
than  one  and  a  half  times  as  much  fat  as  nitrogenous  substance ; 
and  in  that  of  the  store  or  lean  pig  there  was  twice  as  mnch. 
In  the  carcass  of  the  half-fat  ox  there  was  one-fourth  more  fitt 
than  nitrogenous  matter ;  and  in  that  of  the  half-fat  old  sheep 
there  was  more  than  twice  as  much. 

Of  the  fatter  animals,  those  assumed  to  be  in  a  suitable  con- 
dition for  sale  as  human  food,  the  carcass  of  the  fat  ox  contained 
twice  and  one-third  as  much,  that  of  the  fat  sheep  four  times^ 
and  that  of  the  very  fat  sheep  even  six  times,  as  much  fat  as 
nitrogenous  substance.  Lastly,  in  the  carcass  of  the  moderately 
fat  pig,  there  was  nearly  five  times  as  much  fat  as  nitrogenons 
compounds. 

Taming  now  to  the  second  division  of  the  Table  (III.),  which 
shows  the  composition  of  the  collective  offal  parts  (excluding 
contents  of  stomachs  and  intestines),  the  figures  do  not  show 
such  a  uniform  tendency  to  a  diminution  in  the  percentage  oi 
mineral  matter  coincidently  with  that  of  the  nitrogenous  8qI>- 
stance  as  the  animal  matures,  as  was  observed  in  the  case  of  the 
carcasses.  This,  however,  is  doubtless  due  to  the  fiau^  that  the 
ash  of  the  offal  parts  includes  adventitious  matter  adhering  to 
the  pelt,  hair,  or  wool,  which  it  was  impossible  entirely  to  remoTe. 
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Ia3LB  III. — PerceiU<jbge  Composition  of  the  Carcasses^  the  Offal,  and 
the  Entire  Bodies,  of  Ten  Animal 8,  of  different  Descriptions,  or  in 
different  Conditions  of  Maturity. 


Deascription  of  animal 


1  Mineral 

Nltro- 

• 

matter   '   genous 

Fat 

:     («wh) 

sabstauoe 

Total  dry  I 
substance 


Water 


CoDtCUtfl 

of  stom- 
achs and 
intestines 
(in  moist 
state) 


PER   CENT.   IN   CARCASS. 


I^at  calf    . 
^^!alf-fat  ox 
^at  ox 

Kat  lamb  . 
Store  sheep 
l£alf-fat  old  sheep 
Kat  sheep 
£2xtra-fat  sheep 

JStore  pig  . 
F*at  pig     . 


4-48 
5-66 
456 

3-63 
436 
413 
3-45 
2-77 

2-67 
1-40 


16-6 

16-6 

17-8 

22-6 

150 

34-8 

10-9 

369 

14-5 

23-8 

14-9 

31-3 

116 

45-4 

91 

551 

140 

281 

Means  of  all  I     3*69 


10-5 


13-6 


495 


34-4 


37-7 

62-3 

460 

540 

54-4 

45-6 

51-4 

48-6 

42-7 

57-3 

60-3 

49-7 

60-3 

39-7 

670 

330 

447 

56-3 

61*4 
51-6 

38-6 

48-4 

PER   CENT.  IN   OFFAL  (EXCLUDING   CONTENTS  OF   STOMACHS 
AND   INTESTINES). 

Fat  calf    . 
Half -fat  ox 
Fat  ox 

Fat  lamb  . 
Store  sheep 
Half-fat  old  sheep 
Fat  sheep 
Extra-fat  sheep 

Store  pig  . 
Fat  pig     . 


3-41 

171 

4  05 

20-6 

3-40 

1 

175 

2-45 

18-9 

219 

18-0 

2-72 

17-7 

.  1     2  32 

161 

3-64 

16-8 

.  '     307 

t 

140 

2-97 

14-8    1 

14-6 

351 

64-9 

15-7 

40-4 

59-6 

26-3 

47-2 

52-8 

201 

41-5 

58-5 

161 

36-3 

63-7 

18-5 

38-9 

611 

26-4 

44-8 

56-2 

34-5 

54-9 

451 

150 

321 

67-9 

22-8 

40-6 

59-4 

Means  of  all 


302 


17-2 


210 


41-2 


58-8    I       — 


PER  CENT^IN   THE  ENTIRE   ANIMAL   (FASTED    LIVE- WEIGHT). 


Fat  calf  . 
Half-fat  ox 
Fat  ox 

Fat  lamb  . 
Store  sheep 
Half-fat  old  sheep 
Fat  sheep 
Extra-fat  sheep 

Store  pig  . 
Fat  pig     . 


3-80 
4-66 
3-92 

2-94 
316 
317 
2-81 
2-90 

2-67 
1-65 


Means  of  all       3' 17 


15-2 
16-6 
14-5 

12-3 
14-8 
140 
122 
10-9 

13-7 
10-9 

13-5 


14-8 
19-1 
30-1 

28-5 
18-7 
235 
35-6 
45-8 

23-3 
42-2 


33-8 
40-3 
48-5 

43-7 
36-7 
40-7 
50-6 
59-6 

39-7 
54-7 


630 
51-5 
45-5 

47-8 
57-3 
50-2 
43-4 
35-2 

551 
41-3 


317 
819 
5-98 

8-54 
600 
905 
602 
5-18 

5-22 
3-97 
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It  is  seen  that  the  percentage  of  nitrogenous  substance  is  in 
every  case  but  one  greater,  and  that  of  the  fat  very  much  less,  in 
the  collective  offal  than  in  the  collective  carcass  parts.  In  the 
case  of  oxen  and  sheep,  a  large  amount  of  the  nitrogenous  sub- 
stance of  the  offal  is  in  the  non-consumable  portions — ^the  pelt, 
hair  or  wool,  and  hoofs ;  whilst  some  of  the  remainder  is  in  the 
stomachs  and  intestines,  which  are  only  very  partially  consumed, 
and  the  rest  in  other  parts  which  are  more  generally  consumed, 
namely — the  head  flesh,  with  tongue  and  brains,  the  heart,  the 
liver,  the  pancreas,  the  spleen,  the  diaphragm,  and  sometimes 
the  lungs. 

Lastly,  in  regard  to  the  composition  of  the  collective  offid 
parts,  it  is  seen  that  they  contain  a  higher  percentage  of  nitro- 
genous substance,  a  lower  percentage  of  fat,  and  a  lower  percentage 
of  total  dry  substance,  and  consequently  a  larger  proportion  of 
water,  than  the  collective  carcass  parts. 

It  is  obviously  a  matter  of  interest,  both  from  a  dietetic  point 
of  view,  and  as  showing  what  proportion  of  the  gross  product  of 
the  feeding  process  is  saleable  as  human  food,  to  consider  what 
proportion  of  the  fat,  and  of  the  nitrogenous  substance,  of  the 
slaughtered  animals  will,  on  the  average,  be  consumed  as  human 
food  in  one  form  or  another.  The  result  of  much  inquiry  leads 
to  the  conclusion  that,  in  our  own  country,  on  the  average,  the 
whole  of  the  carcass  fat,  and  about  one-fifth  of  the  offal  fat,  of 
oxen  will  be  consumed  ;  that  of  sheep,  an  amount  equal  to  the 
whole  of  their  carcass  fat  will  be  consumed ;  and  that  of  the  pig, 
an  amount  equal  to  the  whole  of  its  carcass  fat,  and,  in  additioD, 
more  or  less  of  its  offal  fat,  will  be  sold  and  consumed  as  food. 

Calculation  leads  to  the  conclusion,  that  about  one-sixth  of 
the  whole  of  the  nitrogenous  matter  of  the  collective  ofial  parts 
of  oxen  will,  on  the  average,  be  consumed,  but  that  the  whole  of 
the  nitrogenous  matter  reclaimed  as  food  from  the  offal  parts 
will  fall  short  of  the  amount  contained  in  the  bones  of  the  carcass. 
So  nearly,  however,  will  these  quantities  balance  one  another, 
especially  if  a  portion  of  the  gelatine  from  the  carcass-bones  be 
consumed,  that  it  may  be  assumed  that,  of  the  total  nitrogenous 
substance  of  the  bodies  of  these  animals,  only  about  as  much  as, 
or  very  little  more  than,  is  represented  by  the  total  amount  in 
the  carcasses,  will  be  consumed.  In  the  case  of  pigs,  however, 
a  larger  proportion  of  the  total  nitrogenous  substance  of  the 
body  will  be  consumed  than  in  that  of  the  other  animals ;  but, 
as  the  Table  shows,  the  percentage  of  total  nitrogenous  substance 
is  less,  and  that  of  the  fat  much  greater,  in  the  pig  than  in  the 
other  animals. 

Upon  the  whole,  therefore,  it  would  seem  that  the  proportion 
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of  the  consumed  fat  to  the  coDsnmed  nitrogenous  substance  will, 

on  the  average,  be  greater  than  its  proportion  in  the   total 

carcasses  of  the  fattened  animals.     Such  is  pretty  certainly  the 

case  in  our  own  country ;  but  the  relations  are  admittedly  far 

otherwise  in  the  United  States,  and  it  is,  to  say  the  least,  very 

questionable  whether  the  difference  is  to  the  advantage  of  the 

consumers  in  that  country. 

Let  us  now  turn  to  the  lower  division  of  the  Table  (III.)> 
showing  the  composition  of  the  entire  bodies  of  the  animals, 
^vhich,  of  course,  represents  the  gross  product  of  the  feeding 
process.  It  is  this,  therefore,  that  is  of  most  interest  to  the 
fanner  to  consider  in  connexion  with  the  composition  of  the 
food  expended  in  its  production. 

As  was  the  case  in  the  carcasses,  there  is  also  in  the  entire 
bodies  a  marked  diminution  in  the  percentage  of  mineral 
matter  as  the  animal  matures.  Judging  from  the  results  of  the 
c^nalyses  of  the  ashes  of  the  animal  bodies,  it  may  be  stated  in 
general  terms,  that  about,  or  rather  more  than,  40  per  cent,  of 
tJie  total  mineral  matter  of  the  animals  is  phosphoric  acid.  In 
Islie  case  of  oxen  and  sheep,  nearly  43  per  cent.,  and  in  that  of 
pigs  about  40  per  cent.,  will  be  lime  ;  whilst  of  potash,  the  ash 
of  oxen  and  sheep  will  probably  contain  from  5  to  6  per  cent., 
Cind  that  of  pigs  7  to  8  per  cent,  or  more. 

Of  total  nitrogenous  compounds,  as  well  as  of  total  mineral 
matter,  oxen  seem  to  contain,  in  parallel  conditions,  a  rather 
liigher  percentage  than  sheep,  and  sheep  rather  more  than  pigs. 
It  is  seen  that  tibe  entire  body  of  the  fat  calf  contained  about 
15^,  that  of  a  moderately  fat  ox  14^,  of  a  fat  lamb  12^,  of  a  fat 
sheep  12^,  of  a  very  fat  one  about  11,  and  of  a  moderately  fat- 
tened pig  also  about  11  per  cent,  of  nitrogenous  substance. 
The  store  or  lean  animals  contained  from  2  to  3  per  cent,  more 
than  the  moderately  fat  ones. 

The  figures  show,  on  the  other  hand,  that  fat  constitutes  by 
far  the  largest  item  in  the  dry  or  solid  matter  of  the  entire 
lK>dies  of  the  animals ;  especially  of  those  fit  for  slaughtering  as 
human  food.  Even  the  half-fat  ox  contained  about  19  per  cent. 
of  fat,  or  more  than  of  nitrogenous  substance.  The  entire  body 
of  the  store  sheep  also  contained  nearly  19  per  cent,  of  fat,  that 
is,  several  per  cent,  more  than  of  nitrogenous  substance  ;  that 
of  the  half-fat  old  sheep  23^  per  cent.,  or  more  than  1^  times 
as  much  as  of  nitrogenous  substance ;  and  that  of  the  store  pig 
also  more  than  23  per  cent,  of  fat,  and  about  If  times  as  much 
as  of  nitrogenous  substance. 

Of  the  fattened  animals,  the  entire  body  of  the  fat  ox  con- 
tained rather  more,  and  that  of  the  fat  lamb  rather  less,  than  30 
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per  cent,  of  fat ;  that  of  the  fat  sheep  35^  per  cent.,  of  the  very 
fat  sheep  45f  per  cent.,  and  that  of  the  &t  pig  about  42  per 
cent,  of  bkt.  The  fat  calf,  however,  contained  even  rather  less 
than  15  per  cent,  of  fat. 

Thus  the  entire  bodies,  even  of  store  or  lean  animals,  may 
contain  more  &t  than  nitrogenous  compounds,  whilst  those  of 
fattened  animals  may  contain  several  times  as  much.  That  of 
the  fat  ox  contained  more  than  twice  as  much,  that  of  tiie 
moderately  fat  sheep  nearly  threijB  times,  of  the  very  fat  sheep 
more  than  four  times,  and  of  the  moderately  £Eittened  pig  about 
four  times,  as  much  &t  as  nitrogenous  substance. 

In  conclusion  on  this  point— all  the  experimental  evidence 
concurs  in  showing,  that  the  so-called  faJUemng  of  animals  is 
properly  so  designated.  During  the  feeding  or  fattening  pro- 
cess the  percentage  of  the  total  dry  substance  of  the  body  is 
considerably  increased;  and  the  fatty  matter  accumulates  in 
much  larger  proportion  than  the  nitrogenous  substance.  It  is 
evident,  therefore,  that  the  increase  of  the  fattening  animal 
must  contain  a  lower  percentage  of  nitrogenous  substance,  and 
a  higher  percentage  of  both  fat  and  total  dry  substance,  than 
the  entire  body  of  the  animal. 

It  is  obvious,  however,  that  the  results  of  the  analyses  of 
the  ten  animals  do  not  supply  data  directly  applicable  for  the 
estimation  of  the  composition  of  animals  in  the  very  various 
conditions  in  which  they  are  dealt  with  in  practice,  or  of  their 
increase  over  any  given  period  under  varying  conditions  of  feed- 
ing. Accordingly,  we  have  constructed  tables  founded  on  the 
analytical  results  above  referred  to,  showing  the  probable 
average  percentage  composition  of  the  different  descriptions  of 
animal,  each  at  eight  gradationary  points,  from  the  store  to  the 
very  fat  condition ;  and  the  factors  thus  obtained  have  been 
applied  for  the  calculation  of  the  composition  of  the  increase  in 
a  number  of  cases  of  ordinary  practice,  or  of  direct  experiment 
in  which  the  weights  of  the  animals  at  the  commencement  and 
at  the  conclusion  of  a  fixed  period,  the  general  character  of  the 
food  they  consumed,  and  their  final  condition,  were  more  or  less 
fully  known.  It  is  admitted  that  these  eight  conditions  do  not 
cover  all  the  variations  of  composition  occurring  in  actual  prac- 
tice ;  but  at  the  same  time  there  can  be  no  doubt  that  by  the 
aid  of  such  factors  the  feeder  would  be  enabled  to  calculate,  with 
sufficient  approximation  to  the  truth  for  all  practical  purposes, 
the  composition  of  the  store  animals  he  buys  or  sells,  and  of  the 
fat  ones  he  sells.  At  any  rate,  we  believe  that  the  results  are  the 
best  that  existing  knowledge  enables  us  to  provide. 

It  is  impossible  to  go  into  any  detail  here,  either  as  to  the 
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composition  of  the  animals  at  the  different  stages,  or  as  to  the 
estimated  composition  of  their  increase,  but  the  results  may  be 
briefly  summarised  as  foUows  :— 

In  the  case  of  oxen,  the  figures  representing  the  composition 
of  the  animals  at  different  stages  of  progress  show — that  the 
percentage  of  mineral  matter  ranged  from  5*15  in  the  store  to 
only  3*43  in  the  very  fat  condition ;  that  of  the  nitrogenous 
substance  from  18'0  in  the  store  to  only  13*1  in  the  very  fat 
state;  and  that  of  the  fat  increased  from  11*7  in  the  store  to 
37*4  in  the  very  fat  condition.  Again,  the  percentage  of  total 
dry  substance  increases  from  only  34*8  in  the  store  to  54*0  in 
the  very  fat  condition.  Lastly,  the  percentage  of  water  decreases 
fix)m  the  store  to  the  very  fat  condition. 

The  parallel  results  for  sheep  show  that  the  percentage  of 
mineral  matter  ranges  from  3*25  in  the  store  to  only  2*90  in 
the  very  fat  animal ;  the  nitrogenous  compounds  from  15  5  per 
cent,  in  the  store  to  only  10*9  per  cent,  in  the  very  fat  condition ; 
and  against  these  reductions  the  fat  increases  from  14  5  per 
cent,  in  the  store  to  45*8  per  cent,  in  the  very  fat  condition ; 
and  the  total  dry  substance  from  33*2  per  cent,  to  59*6  per 
cent.  There  is,  therefore,  a  lower  percentage  of  total  dry 
substance  in  the  store  sheep  than  in  the  store  ox,  owing  to  the 
less  amount  of  mineral  and  nitrogenous  matter  in  the  store 
sheep.  There  is,  on  the  other  hand,  a  higher  percentage  of  dry 
substance  in  the  very  fat  sheep  than  in  the  very  fat  ox,  owing 
to  the  higher  percentage  of  fat  in  the  sheep.  Lastly,  in  the 
sheep,  the  percentage  of  water  diminishes  from  the  earliest  to 
the  latest  stage  from  60*8  to  only  35*2. 

The  results  relating  to  the  composition  of  pigs  showed  a 
reduction  in  the  percentage  of  mineral  matter  from  2*93  in  the 
store  to  only  1*14  in  the  very  fat  condition ;  and  a  reduction 
in  that  of  nitrogenous  substance  from  14*4  in  the  store  to  9*5 
in  the  very  fat  state.  But,  instead  of  a  reduction,  there  is  an 
increase  in  the  percentage  of  fat  from  18*6  in  the  store  to  51*6, 
or  to  more  than  half  the  weight  of  the  body,  in  the  very  fat 
condition ;  and  there  is  an  increase  in  the  percentage  of  total 
dry  substance  from  35'9  in  the  store  to  62*2  in  the  very  fat 
condition ;  and  (excluding  contents  of  stomachs,  &c.)  a  reduc- 
tion in  the  percentage  of  water  from  58*6  to  34*4. 

It  may  be  observed  that  in  no  case  do  the  percentages  of 
total  dry  substance  and  of  water  make  up  100 ;  the  difference 
being  represented  by  the  contents  of  stomachs  and  intestines, 
the  amounts  of  which  found  in  the  animals  actually  analysed  are 
taken  as  the  basis  of  the  estimates  for  the  amounts  in  the  other 
conditions,  just  as  in  the  case  of  the  other  constituents  of  the  body. 
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Let  us  next  summarise  very  briefly  the  resalts  of  the  applica- 
tion of  these  data  as  to  the  composition  of  the  animals  in  diflbrent 
conditions,  for  the  purpose  of  estimating  the  composition  of  their 
increase  in  passing  from  one  condition  to  another. 

First,  referring  to  oxen,  the  composition  of  their  increase 
during  the  feeding  process  has  been  estimated  in  the  case  of  the 
recorded  results  of  actual  practical  feeding,  in  some  cases  of 
large  numbers  of  animals,  and  over  considerable  periods  of  time. 
Other  cases  have  been  those  of  results  obtained  at  Rothamsted, 
or  under  Bothamsted  superintendence,  mostly  in  direct  feeding 
experiments,  but  sometimes  in  the  feeding  of  animals  in  the 
ordinary  practice  of  the  farm. 

Reviewing  the  whole  of  the  results,  the  indication  was,  that 
the  composition  of  the  increase  of  moderately  fattened   oxen 
during  a  final  fattening  period  of  several  months  will  contain, 
about,  or  little  more  than,  1^  per  cent,  of  mineral  matter^ 
seldom  more  than  7  to  8  per  cent,   of  nitrogenous  substances 
and  seldom  as  little  as  60,  and  generally  nearer  65  per  cent.  oMt 
fat ;  whilst  the  total  dry  substance  of  the  increase  will  generallji^ 
range  from  70  to  75  per  cent.     In  the  case,  however,  of  oxenc: 
fattened  very  young,  and  the  feeding  period  extending  over  ^ 
much  longer  time,  similar  calculations  lead  to  the  condusioca 
that  the  growing  and  fattening  increase  of  such  animals  ma]^ 
contain  perhaps  2^  per  cent,  or  more  of  mineral  matter,  against 
only  about  1^  per  cent,  over  a  limited  final  period  of  moi — z 
purely  fettening  increase;  about  10  per  cent,  of  nitrogenous 
substance,  against  only  7  to  8  per  cent,  in  the  only  &tteniD  ^ 
increase ;    and  perhaps   only  from  50  to  55  per  cent,  of  fe"^=- 
against  from  60  to  65  per  cent,  in  the  more  exclusively  figtttei^= 
ing  increase.     In  fact,  whilst  the  growing  and  fattening  incfeai^s 
would  consist  of  about  two-thirds  dry  substance  and  one-thian 
water,  that  of  the  more  purely  fattening  increase  would  oonsxis^ 
of  nearly  three-fourths  dry  substance  and  only  about  one-fourfcl 
water. 

Similar  results  relating  to  sheep  lead  to  the  conclusion  tlifti 
during  a  final  period  of  some  months  of  feeding  on  good  iatten* 
ing  food,  their  increase  will  generally  contain  not  less  than  2 
per  cent,  of  mineral  matter,  and  frequently  more ;  that  is,  dis- 
tinctly more  than  in  the  case  of  oxen,  the  quantity  largelj 
depending  on  the  amount  of  wool.  Of  nitrogenous  substance, 
the  final  fattening  increase  of  sheep  will  probably  seldom  con- 
tain more  than  7  per  cent.,  and  frequently  somewhat  less.  In 
other  words,  notwithstanding  the  large  amount  of  nitrogen  m 
the  wool  of  sheep,  their  fattening  increase  will  probably  g«^ 
raUy  contain  less  nitrogenous  substance  than  that  of  oxen.    On 
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the  other  hand,  the  increase  of  well-fed  and  moderately  fattened 
sheep  will  generally  contain  nearly,  and  sometimes  more  than, 
70  per  cent,  of  fat,  against  an  average  of  less  than  63  per  cent, 
in  the  case  of  oxen  ;  and  in  the  case  of  very  fat  sheep  the  per- 
centage of  fat  in  the  increase  may  even  reach  75  per  cent. 

Upon  the  whole,  it  may  be  assumed  that  the  increase  of 
liberaliy  fed  and  moderately  fattened  sheep,  over  several  months 
of  final  fattening,  will  probably  consist  of  about  2  per  cent,  of 
mineral  matter,  about,  or  less  than,  7  per  cent,  of  nitrogenous 
substance,  and  from  65  to  70  per  cent,  of  fat ;  and  in  all,  of  from 
75  to  80  per  cent,  of  total  dry  substance  ;  whilst  the  increase  over 
the  final  period  of  excessive  fattening  may  contain  from  70  to  75 
per  cent,  of  fat,  and  from  80  to  85  per  cent,  of  total  dry  sub- 
stance. 

Referring  to  pigs,  the  increase  of  those  liberally  and  suitably 
fed  for  fi:esh  pork  will  probably,  on  the  average,  contain — an 
immaterial  amount  of  mineral  matter,  only  from  6^  to  7^  per 
cent,  of  nitrogenous  substance,  from  65  to  70  per  cent,  of  fat, 
«uid  firom  70  to  75  per  cent,  of  total  dry  substance.  The 
increase  over  the  last  few  months  of  high  feeding  of  pigs  fed 
lor  curing  will,  however,  probably  contain  lower  percent^es  of 
xiitrogenous  substance,  but  higher,  and  sometimes  considerably 
liigher,  percentages  of  both  fat  and  total  dry  substance.  The 
tiendency  of  the  demand  in  recent  years  has,  however,  been  for 
less  excessively  fat  bacon  than  formerly. 

Thus  far,  then,  it  has  been  shown,  that  the  amounts  of  food, 
or  of  its  various  constituents,  consumed,  both  for  a  given  live- 
iv^eight  of  animal  within  a  given  time,  and  to  produce  a  given 
amount  of  increase,  were  very  much  more  dependent  on  the 
C]aantities  of  the  non-nitrogenous,  than  on  those  of  the  nitro- 
genous constituents,  which  the  food  supplied.  It  has  been  said, 
tJiat  when  the  large  requirement  for  non-nitrogenous  constitu- 
ents of  food  to  meet  the  expenditure  by  respiration  is  borne  in 
mind,  it  need  not  excite  surprise  that  consumption  in  relation 
to  a  given  live-weight  within  a  given  time  should  be  so  largely 
xneasurable  by  the  amount  of  digestible  and  available  non- 
nitrogenous  substance  which  the  food  supplies ;  but  that,  at  first 
si^ht,  it  was  less  intelligible  that  the  quantities  consumed  to 
produce  a  given  amount  of  increase  in  live-weight  should  also 
be  much  more  dependent  on  the  supplies  of  the  non-nitrogenous, 
than  on  those  of  the  nitrogenous,  constituents  of  the  food. 

The  results  relating  to  the  chemical  composition  of  the 
different  animals,  in  difierent  conditions  as  to  age  and  maturity, 
have  shown,  however,  that  even  store  animals  may  contain  as 
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much,  or  even  more,  of  the  non-nitrogenous  substance — fat — ^than 
of  nitrogenous  substance ;  whilst  the  bodies  of  fattened  animals 
may  contain  two,  three,  four,  or  even  more  times  as  much  dry 
fat  as  dry  nitrogenous  matter.  It  has  further  been  shown,  that 
the  proportion  of  fat  to  nitrogenous  substance  in  the  iyicrease  in 
live-height  of  the  fattening  animal  is  much  higher  than  in  the 
entire  bodies  of  the  fattened  animals.  If,  therefore,  the  non- 
nitrogenous  substance  of  the  increase — the  fat — is  derived  from 
the  non-nitrogenous  constituents  of  the  food,  the  relatively 
large  demand  for  such  constituents  for  the  production  of 
fattening  increase  would  seem  to  be  amply  accounted  for. 

The  important  question  arises,  therefore.  What  are  the 
sources  in  the  food  of  the  fat  of  the  fattening  animal  ?  In  other 
words,  from  what  constituent  or  constituents  in  the  food  is  the 
fat  produced  ? 

Sources  in  the  Food  of  the  Fat  produced  in  the 

Animal  Body. 

Prior  to  the  publication  of  Liebig's  work  on  Organic 
Chemistry  in  its  Applicatiwis  to  Physiology  and  Pathology^  in 
1842,  it  seems  to  have  been  assumed  that  the  Herbivora 
derived  their  fat  from  ready-formed  fatty  matters  in  their  food ; 
and  that  the  Carnivora  derived  theirs  from  the  ready-formed 
fat  of  the  animals  they  consumed.  Liebig  argued  that,  as  a 
rule,  the  food  consumed  by  the  herbivora  did  not  contain  suf- 
ficient fatty  matter  for  the  purpose ;  and  he  maintained  that, 
although  fat  might  be  formed  from  the  nitrogenous  substance 
of  the  food,  its  main  source  was  the  starch,  sugar,  and  other 
carbohydrates,  which  the  food  supplied. 

Dumas  and  Boussingault  ^  at  first  called  in  question  the  view 
that  fat  was  produced  in  the  animal  body,  and  assumed  that  the 
food  of  the  herbivora  supplied  suflScient  fatty  matter  to  account 
for  the  whole  of  the  fat  stored  up.  Subsequently,  however, 
Dumas  and  Milne-Edwards,'-*  from  the  results  of  experiments  with 
bees,  Persoz  ^  from  experiments  with  geese,  and  Boussingault  ^ 
from  those  with  pigs,  geese,  and  ducks,  concluded  that  fat  was 
formed  fix>m  the  carbohydrates  of  the  food.  At  the  same  time 
Boussingault  considered  that,  in  normal  feeding,  the  amount  of 
albuminoids  consumed  would  generally  supply  sufficient  carbon 
for  the  production  of  the  fat  formed  by  the  animal. 

Next  came  the  evidence  of  the  Rothamsted  experiments,  the 

'  Bdlunce  of  Organic  KcUure^  1844,  p.  116  ^  teq, 

'  Conipt.  Bend.  vol.  xvii.  p.  531. 

■  Ann.  Chim,  Phys.  vol.  xiv.  p.  408  et  seq, 

^  Ibid,  vol.  xiv.  p.  419  et  seq. ;  vol.  xviii.  p.  444  et  seq. 
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majority  of  which  were  conducted  within  the  years  1848-1853 
inclusive.  They  involved  feeding  experiments  on  between 
400  and  500  animals,  with  foods  of  known  composition ;  the 
slaughter,  determination  of  the  weights  of  the  parts,  and  noting 
on  the  character,  as  to  fatness,  &c.,  of  more  than  300  animals ; 
and  finally,  the  chemical  analysis  of  ten  animals. 

In  the  first  place,  it  was  clearly  demonstrated  that  much 
more  fat  was  stored  up  in  the  bodies  of  the  fattening  animals 
than  could  be  derived  from  the  ready-formed  fatty  matter  in 
their  food.  Secondly,  from  a  careful  study  of  the  enormous 
amount  of  experimental  data  obtained,  as  well  as  of  the  known 
facts  of  practical  experience  in  feeding,  it  was  considered  no 
doubt  whatever  could  be  entertained  that  much,  if  not  the 
Aivhole,  of  the  fat  formed  in  the  bodies  of  the  herbivora  fed  for 
"fche  production  of  meat  was  derived  from  the  carbohydrates  of 
the  food. 

In  fact,  the  experimentally  determined  relation  of  the  non- 
xiitrogenous,  and  of  the  nitrogenous  constituents  of  the  food, 
x^spectively,  to  the  amount  of  increase  produced ;  the  com- 
"position  of  fattening  increase  generally ;  the  relatively  greater 
^ndency  to  grow  in  frame  and  to  form  flesh  with  highly  nitro- 
genous food ;  the  greater  tendency  to  form  fat  with  food  com- 
paratively rich  in  non-nitrogenous  substances,  and  especially  in 
c»rbohydi'ates ;  and  common  experience  in  feeding — all  pointed 
in  the  same  direction. 

For  some  years  there  was  little  or  no  discussion  on  the 
snbject,  and  it  seemed  to  be  tacitly  admitted,  both  on  the 
Continent  and  in  this  country,  that  the  views  of  Liebig,  as  to 
tihe  formation  of  at  any  rate  much  of  the  fat  of  the  herbivora 
from  carbohydrates,  were  correct. 

In  1865,  however,  at  a  meeting  of  a  Congress  of  Agricultural 
Chemists  held  at  Munich  in  August  of  that  year,  Professor  Voit, 
from  the  results  of  experiments  made  in  Pettenkofer's  respira- 
tion apparatus,  with  dogs  fed  chiefly  on  flesh,  maintained  that 
fat  must  have  been  produced  from  nitrogenous  substance ;  and 
that  this  was  probably  the  chief,  if  not  the  only,  source  of  the 
fat  even  of  herbivora. 

Pettenkofer  and  Voit  further  maintained,  that  to  establish 
the  formation  of  fat  from  the  carbohydrates,  experiments  must 
be  brought  forward  in  which  the  fat  deposited  was  in  excess  of 
that  supplied  by  the  food,  plus  that  which  could  be  derived  from 
the  transformation  of  albumin. 

Of  course,  the  mere  fact  that  the  food  consumed  contained 
enough  nitrogenous  substance  for  the  formation  of  all  the  fat 
that  had  been  produced  would  of  itself  be  no  proof  that  that 
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substance  had  been  its  exclusive  source.  On  the  other  hand,  if 
the  amount  of  fat  stored  up  in  the  animal  was  in  excess  of 
that  which  could  be  derived  from  the  ready-formed  fatty  matter 
of  the  food,  and  from  the  transformation  of  the  nitrogenous 
substance,  it  would  be  proved  that  at  any  rate  some  of  the  stored- 
up  fat  must  have  had  another  source — and  this  could  only  be  the 
carbohydrates. 

Accordingly,  the  results  of  many  of  the  Rothamsted  feeding 
experiments  were  calculated  to  ascertain  whether  or  not  the 
ready-formed  fat  and  the  nitrogenous  substance  of  the  food  were 
sufficient  to  account  for  the  whole  of  the  fat  estimated  to  have 
been  stored  up.     None  of  the  experiments  had  been  specially 
arranged  with  a  view  to  the  elucidation  of  this  question.     In 
some  of  them,  however,  what  may  be  called  minimum  amounts, 
and  in  others  excessive   quantities,  of  nitrogenous  substance, 
had  been  consumed.     Some  of  the  results  seemed  to  us  to  afford 
clear  evidence  on  the  point,  and  we  gave  a  paper  on  the  subject 
in  the  Physiological  Section,  at  the  Meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science  at  Nottmgham,  in  1866 ; 
and  it  was  published,  in  abstract  in  the  Report  of  the  British 
Association  for  1866,  and  in  full  in  the  FhilosophiccU  Magazine 
for  December  of  that  year.     And  as  it  is  upon  the  results  as 
then  given  that  any  subsequent  discussion  of  our  conclusion  has 
been  founded,  it  is  proposed,  in  the  first  place  to  consider  the 
evidence  afforded  by  those  results;  but  afterwards  to  adduce 
certain  modifications  of  some  of  them,  in  order  to  bring  them 
more  into  accord  with  recent  knowledge  on  some  points,  and  to 
meet  more  effectively  objections  that  have  been  raised  against 
the  conclusions  drawn  from  them. 

The  first  point  to  consider  was.  What  description  of  animal 
is  likely  to  yield  the  most  direct  and  conclusive  results  on  the 
subject  ?  Obviously  the  one  which  is  fed  more  especially  with 
the  view  to  the  production  of  fat ;  which  consumes  in  its  most 
appropriate  fattening  food  a  comparatively  low  proportion  of 
nitrogenous  substance,  and  a  comparatively  high  proportion  of 
carbohydrates  ;  and  which  yields  a  large  proportion  of  fat,  both 
in  relation  to  the  weight  of  its  body  within  a  given  time,  and 
to  the  amount  of  food  consumed.  The  following  Table  (IV.) 
briefly  summarises  the  results  of  very  numerous  experiments 
with  oxen,  sheep,  and  pigs,  so  far  as  they  illustrate  the  com- 
parative characters  of  the  different  descriptions  of  ftnimiil  Iq 
regard  to  the  points  above  enumerated. 

In  the  first  place,  it  is  to  be  observed,  that  although  the 
proportion  of  intestines  and  contents  is  greater,  that  of  the 
stomach  and  contents  is  very  much  less,  in  the  pig  than  in 
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»f  the  raminants — as  also  is  that  of  the  stomachs  and 
ly  and  intestines  and  contents,  taken  together ;  the  per- 
of  these  collectively  being,  in  oxen  14*3,  in  sheep  10*9, 
rigs  only  7*5,  of  the  weight  of  the  body.  The  fact  is, 
I  appropriate  fattening  food  of  the  pig  consists  of  ripened 
Eld  highly  starchy  roots,  containing  but  little  indigestible 
whilst  that  of  the  ruminants  contains  a  considerable 
of  slowly  digestible  or  indigestible  cellulose,  and  often 
greater  amount  of  indigestible  or  unassimilable  nitro- 
substance.  The  result  is,  that  a  less  proportion  of  the 
ght  of  the  pig  consists  of  more  or  less  effete  matter 
in  the  alimentary  organs. 

iE  IV. — Showing  the  Comparative  Fattening  Qualities  of 

different  Animals. 


Oxen 


Sbeep 


Pigfl 
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38  and  contents 


loose  fat 

)rta,  lungs,  windpipe,  liver,  gall-bladder 
intents,  pancreas,  spleen,  and  blood 
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evaporation,  &c. 
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Then,  the  second  division  of  the  table  shows,  that  with  the 
much  higher  character  of  its  food,  and  the  much  less  proportion 
of  it  indigestible  and  effete,  the  pig  both  consumes  very  much 
more,  and  yields  very  much  more  increase,  for  a  given  live- 
weight  within  a  given  time. 

Lastly,  as  is  shown  in  the  third  division  of  the  table,  for 
100  of  dry  substance  of  food  consumed^  the  pig  yields  very  much 
more,  both  of  fat  and  of  dry  substance  in  increase ;  and,  on  the 
other  hand,  voids  very  much  less  of  dry  substance  in  urine  and 
in  fa9ces. 

Thus,  as  compared  with  either  oxen  or  sheep,  the  pig  offers 
many  advantages  as  a  subject  for  the  consideration  of  the  rela- 
tions of  food  and  increase,  and  consequently  for  that  of  the 
source  in  the  food  of  the  fat  which  he  yields.     He  has  a  less 
proportion  of  alimentary  organs  and  contents ;  he  consumes 
more  food  in  proportion  to  his  weight ;  he  yields  a  larger  pro- 
portion both  of  total  increase  and  of  fat ;  and  finally,  much  less 
of  his  food  is  effete  and  voided.     The  general  result  is,  that 
changes   in   his   live-weight   are   in   a  much  less   proportion 
influenced  by  variations  in  the  contents  of  the  alimenttuy  organs^-^ 
and   are,  therefore,  much  truer  indications  of  change  in  th^= 
substance  of  the  body  ;  and  hence  the  range  of  error  in  calcu — 
lating  the  amount  and  composition  of  his  increase  in  relatior^ 
to  the  amount  and  composition  of  the  food  consumed  is  mucJH 
less. 

27/6  Eooperiments  at  Rothamsted  with  Pigs. 

In  the  selection  of  the  experiments  with  pigs,  for  calculatinr  -■ 
whether  more  fat  was  stored  up  than  could  possibly  have  bee~^ 
derived  from  the  ready-formed  fat  and  the  nitrogenous  snbstanc 
of  the  food,  some  have  been  taken  in  which  the  proportion 
the  nitrogenous  to  the  non-nitrogenous  constituents  of  the  f< 
was  abnormally  high,  and  others  in  which  it  was  fairly  norma^JJ 
or  even  low.  In  all  cases,  the  experiments  were  conducted  fi 
periods  of  not  less  than  eight  or  ten  weeks ;  and  the  amoun 
both  of  total  increase,  and  of  fat  stored  up,  were  so  large  in 
proportion  both  to  the  original  weight  of  the  animal,  and  t4) 
the  amount  of  food  consumed,  that  the  data  obtained  may 
safely  be  relied  upon  for  the  settlement  of  the  question  at  issue. 

In  the  upper  portion  of  the  next  Table  (V.)  are  recorded 
some  particulars  of  the  nine  experiments  selected  for  calcn- 
lation,  namely — the  description  of  the  food,  the  number  of 
animals  experimented  upon,  the  duration  of  the  experiment, 
the  original  and  final  live-weights,  the  increase  per  head  and  on 
100  original  weight,  the  percentage  of  carcass  in  fasted  lire- 
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weight,  and  the  amount  of  crude  non-nitrogenous  to  1  of  crude 
nitrogenous  substance  in  the  food. 

The  middle  division  of  the  table  shows,  for  100  increase  in 
live-weight — the  amount  of  nitrogenous  substance  consumed  in 
the  food,  the  amount  of  it  estimated  to  be  stored  up  in  the 
increase,  and  the  quantity  remaining,  and  therefore  possibly 
available  for  the  formation  of  fat.  Next  there  are  given — the 
estimated  amount  of  fat  in  the  increase,  the  amount  ready-formed 
in  the  food,  and  the  difference — that  is,  the  amount  newly- 
formed.  There  are  then  given — the  amounts  of  carbon  in  the 
estimated  newly-formed  fat,  the  amounts  in  the  available  nitro- 
genous substance  minus  that  in  the  urea  formed,  supposing  the 
whole  of  the  nitrogen  not  stored  up  in  increase  to  contribute  to 
such  formation ;  and  lastly,  the  difference,  that  is,  the  amount  of 
carbon  available  from  the  nitrogenous  substance  for  the  forma- 
tion of  fat,  more  or  less  than  that  required  for  the  amount  of 
fat  produced. 

Then,  in  the  bottom  division  of  the  table  are  shown,  fcyr 
100  of  carbon  in  the  estimated  produced  fat — the  amount  avail- 
able from  the  nitrogenous  substance,  and  the  amount  not 
available  from  that  source,  in  each  experiment ;  the  amount 
not  so  available  representing,  of  course^  the  proportion  required 
from  other  sources. 

It  is  hardly  necessary  to  point  out  that,  according  to  the 
above  mode  of  illustration,  the  figures  show,  not  only  the  ut- 
most proportion  of  the  stored-up  fat  which  could  possibly  have 
liad  its  source  in  the  nitrogenous  substance  of  the  food,  but 
notably  more  than  could  possibly  have  been  so  derived.  Thus, 
to  say  nothing  of  other  considerations,  it  has  been  assumed,  for 
simplicity  of  illustration,  and  for  the  sake  of  argument,  that 
the  whole  of  the  nitrogenous  substance  of  the  food  not  stored  up 
as  increase  would  be  perfectly  digested,  and  be  available  for 
fat-formation  ;  and  that,  in  the  breaking  up  of  the  nitrogenous 
enbstance  for  the  formation  of  fat,  no  other  carbon  compounds 
than  fat  and  urea  would  be  produced  ;  and  lastly,  that  the 
whole  of  the  ready-formed  fatty  matter  of  the  food  has  con- 
tributed to  the  fat  stored  up.  It  is  obvious,  however,  that  these 
assumptions  are  in  part  improbable,  and  in  part  quite  in- 
admissible ;  whilst  the  tendency  of  the  error  is,  in  each  case, 
to  show  too  large  a  proportion  of  the  stored-up  fat  to  have  been 
possibly  derived  from  the  ready-formed  fat,  and  the  nitrogenous 
constituents,  of  the  food. 

It  is  obvious,  therefore,  that  where  the  figures  show  an 
excess  of  carbon  available  fix)m  nitrogenous  substance  over 
that  which  would   be   required  if  the  produced  fat   had  been 
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formed  from  it,  the  excess  is  over-estimated ;  and,  on  the  other 
hand,  that  where  they  show  a  deficiency  of  nitrogenous  sub- 
stance for  such  formation,  the  deficiency  is  under-estimated; 
so  that,  in  fact,  the  amount  of  fat  required  to  be  derived  from 
other  sources  would  be  greater  than  the  figures  indicate. 
Indeed,  according  to  the  mode  of  calculation  adopted,  100  of 
nitrogenous  substance  would  yield  62  parts  of  fat ;  but  it  has  been 
fully  admitted  in  subsequent  discussions,  that  at  most  51-4  parts 
of  fat  could  possibly  be  derived  from  100  parts  of  proteid  sub- 
stance ;  and  more  recently  a  much  lower  figure  has  been  adopted. 

After  these  general  remarks,  we  may  now  turn  to  the 
consideration  of  the  results  of  the  different  experiments. 

In  experiment  1,  two  pigs  of  the  same  litter,  of  almost 
exactly  equal  weight,  and,  as  far  as  could  be  judged,  of  similar 
character,  were  selected.  One  was  killed  at  once,  and  the 
amount  of  total  dry  or  solid  matter,  of  nitrogenous  substance,  of 
fat,  and  of  mineral  matter,  determined  in  it.  The  other  was 
then  fed  for  a  period  of  ten  weeks  on  a  mixture  consisting  of — 
bean-meal,  lentil-meal,  and  bran,  each  1  part,  and  barley-meal 
3  parts,  given  ad  libitum.  It  was  then  weighed,  killed,  and  its 
composition  determined  as  in  the  case  of  the  other  animal.  In 
fact,  the  object  of  the  experiment  was,  to  determine  the 
composition  of  a  *'  store*'  and  of  a  "/a< "  pig,  and  to  estimate 
the  composition  of  its  increase  whilst  fattening ;  and  the  data 
thus  provided  have  formed  the  basis  of  the  estimate  of  the  fat 
in  the  increase,  not  only  in  the  case  of  experiment  1,  to  which 
they  directly  apply,  but  in  that  of  each  of  the  other  eight  experi- 
ments, the  results  relating  to  which  are  recorded  in  the  table. 
On  this  point  it  may  be  observed  that,  taking  into  consideration 
the  weight  and  condition  of  the  animals  at  the  commencement, 
the  character  of  the  foods,  the  length  of  the  fattening  period, 
the  proportion  of  increase  upon  the  original  live-weight,  and 
the  final  condition  of  the  animals,  it  may  perhaps  be  concluded, 
that  the  tendency  of  error  in  the  calculations  would  be  to  give 
the  proportion  of  fat  in  the  increase  somewhat  too  high  in 
experiments  2  and  3,  and  somewhat  too  low  in  experiments  6, 
7,  8,  and  9.  In  experiments  4  and  5,  however,  the  animals  were 
the  fattest  in  the  series  ;  and  it  will  be  seen  further  on,  that  the 
high  estimates  of  fat  in  the  increase  in  their  case  are  probably 
not  too  high — indeed,  in  experiment  5  even  somewhat  too  low. 

It  might  be  supposed  that,  at  any  rate  in  the  case  of 
experiment  1,  the  results  would  be  admirably  adapted  for  our 
present  purpose.  But  that  experiment  was  made  in  1850, 
that  is  nearly  45  years  ago,  and  before  we  had  acquired  suffi- 
cient evidence  against  the  view  then  prevailing,  namely,  that 
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the  increase  of  the  fattening  animal  was  largely  dependent 
on  the  richness  of  the  food  in  nitrogenous  constituents ;  and 
everybody  having  experience  in  the  fattening  of  pigs  will  admit 
that,  in  this  case,  the  food  was  mnch  more  highly  nitrogenoas 
than  is  recognised  as  most  favourable  for  the  fattening  of  the 
animal.  In  fact,  it  is  seen  that  the  proportion  of  the  crude 
non-nitrogenous  to  1  of  crude  nitrogenous  substance  in  the  food 
was  only  3*6,  instead  of  about  6,  as  in  barley-meal.  There  was, 
therefore,  an  excess  of  nitrogenous  substance  consumed. 

Referring  to  the  middle  division  of  the  table,  the  calculated 
results  show  that,  for  100  increase  in  live^weighty  100  of 
nitrogenous  substance  was  consumed  in  the  food.  Of  this, 
it  is  estimated  that  only  7*8  parts  were  stored  up  in  the  increase, 
leaving  92*2  parts  available  for  the  possible  formation  of  fat. 

It  is  next  seen,  that  the  100  of  increase  was  estimated  to 
contain  63*1  parts  of  fat,  whilst  the  food  supplied  only  15*6 
parts,  leaving,  therefore,  at  least  47*5  parts  to  be  produced 
within  the  body.  The  figures  show  that  this  would  require 
36*6  parts  of  carbon,  whilst  44*0  parts  are  estimated  to  have 
been  available  from  the  nitrogenous  substance  of  the  food ; 
leaving,  therefore,  according  to  the  mode  of  calculation  adopted, 
7*4  parts  more  carbon  available  than  were  required  for  the 
formation  of  the  produced  fat.  Or,  as  shown  in  the  bottom 
division  of  the  table,  for  100  ca/rhon  in  the  estimated  Timvly- 
formed  fat,  120*2  parts  were  available  from  the  nitrogenous 
substance  consumed  in  the*food. 

Here,  then,  the  calculations  afibrd  no  evidence  that  &t  must 
have    been   produced    from    carbohydrates.     But,   as   already 
explained,  the  mode  of  estimate  adopted  assumes  the  whole  of 
the  ready-formed  fat  in  the  food  to  have  been  stored  up,  and 
the  whole  of  the  carbon  of  the  nitrogenous  substance,  beyond 
that  in  the  animal  increase,  and  in  the  urea  formed,  to  have 
been  utilised  for  fat  formation.     Neither  of  these  assumptions 
is,  however,  admissible ;  and  it  will  be  seen  further  on,  when 
due  correction  is  made  in  regard  to  these  points,  that  even  in 
this   experiment,   with   so   abnormally   high  a  proportion  of 
nitrogenous   substance  in  the   food,  it  is  pretty   certain  that 
some  of  the  produced   fat  must   have   had   its   source  in  the 
carbohydrates. 

In  experiment  2,  the  food  consisted  of  bean-meal,  lentil- 
meal,  bran,  and  maize-meal,  each  given  separately,  and  od 
libittmi ;  and  in  experiment  3,  of  an  equal  mixture  of  bean-meal 
and  lentil-meal,  also  given  ad  libitwm.  It  is  seen  that,  in  both 
cases,  the  proportion  of  crude  non-nitrogenous  to  1  of  erode 
nitrogenous  substance   in   the  food   was   even   lo^er  than,  in 
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experiment  1 ;  being,  in  experiment  2,  3*3,  and  in  experiment 
3,  only  2*0,  against  3*6  in  experiment  1.  Here  again,  as 
might  be  expected,  with  so  high  a  proportion  of  nitrogenous 
substance  in  the  food,  the  calculations  show  that  there  was 
more  than  sufficient  carbon  available  from  the  nitrogenous 
substance  of  the  food  for  the  formation  of  all  the  fat  that  was 
estimated  to  be  produced. 

Experiments  4  and  5  show  a  very  different  result.  In 
experiment  4,  the  food  consisted  of  maize-meal  alone,  and  in 
experiment  5  of  barley- meal  alone,  in  each  case  given  ad  libitum. 
In  America  especially,  maize-meal  is  largely  used  for  the 
Fattening  of  pigs,  almost,  if  not  quite,  alone ;  and  in  our  own 
country  barley-meal  is  undoubtedly  recognised  as  the  most 
appropriate  fattening  food  of  the  animal.  It  is  seen  that,  in 
experiment  4,  with  maize-meal,  the  proportion  of  crude  non- 
nitrogenous  to  1  of  nitrogenous  substance  in  the  food  was  6*6, 
and  in  experiment  5,  with  barley-meal,  it  was  6*0 ;  or,  in  both 
cases,  nearly  that  which  is  recognised  as  appropriate  in  the 
fattening  food  of  the  animal,  but  rather  low  in  nitrogenous 
substance. 

Accordingly,  the  calculations  show  much  less  nitrogenous 
substance  consumed  for  the  production  of  100  increase  in  live- 
weight,  and  much  less  left  available  for  fat  formation,  aftei" 
deducting  the  amount  estimated  to  be  stored  up  in  the  increase. 
Then,  as  to  the  fat,  the  animals  were  undoubtedly  much  fatter 
than  the  analysed  '*/a^"pig.  Deducting  the  amounts  of  fat 
supplied  in  the  food  from  that  in  the  increase,  there  remained, 
in  the  one  case  52*7,  and  in  the  other  58*8  parts,  formed  within 
the  body,  requiring  in  the  first  case  40*6,  and  in  the  second 
45*3  of  carbon ;  whilst  the  amounts  of  carbon  estimated  to  be 
available  from  the  nitrogenous  substance  of  the  food  were  only 
24*7  and  27*4  parts;  leaving,  in  the  one  case  15*9,  and  in  the 
other  17*9  parts,  to  be  provided  from  other  constituents  of  the 
food.  Or,  if  the  calculations  are  made  for  100  carbon  in  the 
estimaied  newly^formed  fat^  the  figures  show  that  in  one  case 
39*2,  and  in  the  other  395  per  cent.,  of  the  total  carbon  of  the 
produced  fiat  must  have  been  derived  from  other  constituents 
of  the  food. 

In  other  words,  even  on  this  mode  of  calculation,  nearly  40 
per  cent,  of  the  newly-formed  fat  must  have  had  its  source  in 
the  carbohydrates.  We  shall  see  further  on,  that  even  a 
considerably  larger  proportion  still  must  in  reiJity  have  been 
so  derived. 

The  peculiarity  of  the  experiments  6,  7,  8,  and  9  was,  that 
the  food  contained   less  ready-formed  fat  than  in  any  of  the 
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other  cases,  and  that  a  large  proportion  of  the  non-nitrogenous 
substance  supplied  was  in  the  form  either  of  pore  starch  or  pore 
sugar,  or  both.  In  experiments  6,  7,  and  8,  a  fixed  quantity  of 
lentil-meal  and  bran,  averaging  3  lb.  3  oz.  of  lentil-meal  and 
9  oz.  of  bran,  was  given  per  head  per  day  ;  and,  in  addition,  in 
experiment  6  sugar  ad  libitum,  in  experiment  7  starch  ad 
litnttcm,  and  in  experiment  8  sugar  and  starch,  each  separately, 
ad  liMttim.  Lastly,  in  experiment  9,  lentil-meal,  bran,  sugar, 
and  starch,  were  each  given  separately  and  ad  libitum.  It  will 
be  seen  that  the  proportion  of  crude  non-nitrogenous  to  1  of 
crude  nitrogenous  substance  was  ^'l  in  experiments  6  and  7, 
4*7  in  experiment  8,  and  only  3*9  in  experiment  9 ;  that  is,  the 
food  contained  a  higher  proportion  of  non-nitrogenous  substance 
than  in  experiments  1,2,  and  3,  but  considerably  lower  than  in 
experiments  4  and  5.  Accordingly,  the  final  result  of  the  calcu- 
lations is  intermediate  between  that  for  the  other  two  series. 

To  go  a  little  into  detail,  it  is  seen  that,  for  100  increa>8e  in 
live-weight,  the  amount  of  nitrogenous  substance  estimated  to 
be  available  for  fat-formation  was,  in  this  series,  intermediate 
between  that  in  the  other  two.  With  much  less  fatty  matter 
supplied  in  the  food,  the  amount  of  fat  estimated  to  be  newly 
formed  was  about  the  same  as  in  the  other  cases.  The  amount 
of  carbon  estimated  to  be  available  for  fat-formation  from  the 
nitrogenous  substance  of  the  food  was,  in  each  case,  notably  less 
than  the  amount  required  for  the  production  of  the  newly-formed 
fat.  The  indication  is,  therefore,  that,  in  each  case,  a  consider- 
able proportion  of  the  produced  fat  must  have  had  its  source  in 
other  than  the  nitrogenous  constituents  of  the  food. 

The  bottom  division  of  the  table  shows  that,  reckoned 
for  100  carbon  in  the  estimated  newly-formed  fat,  in  the  first 
case  18*9,  in  the  second  18*8,  in  the  third  25*2,  and  in  the  fourth 
14*1  per  cent.,  or,  on  the  average,  about  20  per  cent,  of  the  whole, 
must  have  been  derived  from  other  sources — in  fact  from  the 
carbohydrates.  Nor  can  there  be  any  doubt  that  the  figure 
under-estimate  the  proportion  of  the  produced  fat  which  could 
not  have  had  its  source  in  the  albuminoids  of  the  food. 

The  general  result  of  the  whole  series  of  experiments  is, 
then,  that  when  the  food  of  the  fattening  animal  contains  an 
abnormally  high  amount  and  proportion  of  nitrogenous  sub- 
stance, enough  of  it  will  probably  be  available  for  the  possible 
formation  of  all  the  fat  produced  in  the  body ;  but  that,  when 
the  amount  and  proportion  of  such  substances  in  the  food  are 
only  normal,  or  low,  there  will  remain  a  large  proportion  of 
the  produced  fat  which  could  not  have  had  its  source  in  the 
proteids,  and  must  have  been  derived  from  the  carbohydrates. 
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Referring  to  oar   results   and  conclusioDS  as  given  above, 
Professor  Voit,  in  a  paper  which  he  published  in  1869,^  admits 
that  in  the  experiments  in  which   there  was  only  a  medium 
albuminoid  supply  in  the  food  there  was,  as  the  figures  stand, 
a  considerable  deficiency  for  the  formation  of  the  fat  produced, 
and   a  still  greater  deficiency  when  the  relation  of  the  nitro- 
genous to   the   non-nitrogenous  constituents   was  lower  still ; 
and   hence   it   would   appear   that  in   these  instances  a  con- 
siderable  amount   of   fat  had  been  derived    from    the   carbo- 
hydrates.    Still,  he  says,  he  cannot  allow  himself  to  consider 
tihat   a  transformation   of   carbohydrates    into   fat    is   proved 
t^hereby.     He  says  he  has  not  been  able  to  get  a  clear  view  of 
t^he    experiments    from    the   figures   recorded,    and    suggests 
several  possible  sources  of  error.      He  proposed  that  new  ex- 
'periments  with  geese  and  with  pigs  should  be  made ;  and,  in 
aa  subsequent  conversation  one  of  us  had  with  him,  he  expressed 
liis  willingness  to  undertake  a  conclusive  experiment  with  pigs. 
Weiske   and  Wildt^  did  undertake  an  investigation  with 
j>igB  to  determine  the  point.     But  one  animal  was  fed  on  food 
eo  rich  in  nitrogen  that  it  sufiered  in  health,  and  the  experi- 
xnent  had  to  be  discontinued  ;  and  the  other  on  food  so  poor 
^hat  it  fattened   extremely  slowly,  and  hence,  at  the  conclu- 
sion, calculation  showed  that  there  was    enough  of  the  con- 
sumed nitrogenous  matter  available  for  fat  formation  to  cover 
tiie  whole  of  the  fat  which  had  been  produced. 

Professor  Emil  von  WolflF,  in  his  work  entitled  Die 
TatianeUe  Futterung  der  landwirthschaftlichen  Nutzthiere,  auf 
Orundiage  der  nexieren  Thier-phi/Hiologiachen  ForschungeUj  pub- 
lished in  1874,  assumed  that  albumin  was  probably  the  exclusive 
source  of  the  fat  of  the  fattening  herbivora  of  the  farm.  But 
he  made  the  reservation,  that  the  amounts  of  increase  produced 
in  relation  to  constituents  consumed,  which  common  observation 
showed  may  be  obtained  with  pigs,  and  still  more  the  results 
recorded  of  some  direct  experiments  with  those  animals 
(presumably  our  own),  are  almost  incomprehensible  without 
assuming  the  direct  concurrence  of  the  carbohydrates  in  the 
formation  of  the  fat.  Nevertheless,  he  considered  that  such 
evidence  was  inconclusive,  and  that  experiments  with  pigs 
should  be  made  in  a  respiration  apparatus  to  settle  the 
question. 

After  the  inconclusive  results  of  Weiske  and  Wildt,  and  the 
publication  of  Professor  Wolfi^s   views,  as   above   quoted,   we 
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carefully  reviewed  and  re-calculated  many  of  the  resaltB  of  our 
feeding  experiments,  including  some  with  oxen  and  with  sheep, 
as  well  as  those  with  pigs,  in  order  to  satisfy  ourselves  whether 
any  doubt  could  be  entertained  of  the  views  we  had  previously 
advocated. 

The  result  of  this  examination,  so  far  as  the  ruminants  were 
concerned,  was  to  show  that,  owing  to  the  comparatively  small 
amount  of  increase  obtained  with  them  from  a  given  amount 
of  constituents  consumed,  the  quantity  of  nitrogenous  sub- 
stance passed  through  the  system  for  the  production  of  a  givmi 
amount  of  increase  was,  in  most  cases,  so  large  as  to  admit 
of  the  assumption  that  the  whole  of  the  fat  formed  might  have 
had  its  source  in  transformed  nitrogenous  matter.  As  will  be 
seen  further  on,  howev.er,  some  of  the  experiments  with  sheep 
showed  that  at  any  rate  part  of  the  fat  stored  up  must  have 
had  some  other  source  than  the  fatty  matter  and  the  pro- 
teids  of  the  food. 

The  reconsideration  of  the  results  with  pigs  fully  confirmed 
the  view  that,  in  many  cases,  much  more  fat  had  been  pro- 
duced than  could  possibly  have  been  derived  from  trans- 
formed albumin  of  the  food.  We  concluded,  therefore,  that 
we  were  not  called  upon  to  institute  new  experiments;  and 
decided  instead,  again  to  direct  attention  to  the  results  which 
had  already  been  published. 

Accordingly,  we  gave  a  paper  on  the  subject,  in  the  Section 
for  Agriculture  and  Agricultural  Chemistry,  at  the  meeting  of 
the    Naturforscher  Versammlwiq   held   at  Hamburg  in    1876, 
at  which  there  were  pi-esent  a  number  of  the  chief  Vicaltural 
chemists  of  Germany.     The  results  given  in  Tables  IV.  and  V. 
were  discussed,  and  it  was  pointed  out  that,  even  according  to  the 
mode  of  calculation  adopted,  which  would  imply  about  62  parts 
of  fat  to  be  producible  from  100  parts  of  nitrogenous  substance, 
experiments  4  and  5,  in  which  the  proportion  of  the  non-nitro- 
genous to  the  nitrogenous  constituents  in  the  food  was  the  most 
appropriate  for  fattening,   showed  that  about  40  per  cent,  ot 
the  produced  fat  could  not  have  had  its  source  in  the  nitrogen- 
ous  substance   consumed;  whilst  if,  according  to  Henneberg 
and  Voit,  it  were  assumed  that  100  parts  of  albumin  can  i^ 
most   yield   51*4   of   fat,   the   results   would   be  much   mors 
striking   still.     They   would,   of  course,   be  still  more  so  if, 
as  has  more  recently  been  estimated,  only  42  instead  of  51*4 
parts  of  fat  can  be  derived  from  100  of  albumin. 

It  was  next  considered  what  amount  of  error  in  the  estimates 
would  have  to  be  admitted  to  turn  the  scale,  and  to  show  that 
the  whole  of  the  produced  fat  might  have  been  derived  from  the 
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albnminoidB  of  the  food.  After  going  into  considerable  detail 
on  the  point,  it  was  concluded  that  any  such  range  of  error 
was  simply  impossible. 

Fortiier,  it  was  maintained  that,  in  the  case  of  pigs  fatten- 
ing rapidly  on  their  most  appropriate  fattening  food,  the  amount 
of  fat  stored  up  in  proportion  to  the  amount  of  fat  and  nitro- 
genous substance  consumed  was  so  large,  that  the  question  of 
whether  or  not  the  carbohydrates  contribute  to  fat^formation 
might  be  conclusively  settled  by  a  properly  conducted  feeding 
experiment  with  those  animals,  without  any  analysis  of  the 
£»oes  or  the  urine,  or  any  determination  of  the  products  of 
respiration.  It  was  stated  that  it  was  only  necessary  to  select 
two  animals  of  a  breed  of  good  fattening  quality,  and  as  nearly 
alike  as  possible  in  character  and  in  weight ;  a  convenient  size 
and  weight  being — say  about  90  lb.  per  head.  Each  should 
then  be  fed  with  ground  barley  of  good  quality,  giving  it,  by 
degrees,  until  both  weighed  about  100  lb.  Then  slaughter  one, 
and  determine  its  total  amount  of  nitrogenous  substance  and  of 
fat.  Continue  to  feed  the  other  with  barley-meal  (and  water) 
exclusively,  as  much  as  it  will  consume,  until  it  reaches  a  weight 
of  about  200  lb. ;  then  slaughter  and  analyse  it  as  the  first. 
The  quantity  and  composition  of  the  food  must,  of  course,  also 
be  determined.  Such  an  animal  would  probably  consume  about 
500  lb.  of  barley,  and  increase  in  live- weight  from  100  to  200  lb., 
in  from  eight  to  ten  weeks — more  or  less,  according  to  the 
quality  of  the  animal,  the  quality  of  the  food,  and  other  condi- 
tions. It  was  desirable  that  the  animals  selected  should  have 
been  feeding  on  fairly  good  food  previously,  so  that  the  transi- 
tion to  full  fattening  food  should  not  be  too  sudden.  It  was 
also,  of  course,  desirable  that  the  experiments  should  be  made 
in  duplicate  if  possible. 

In  the  discussion  which  followed,  Professor  Henneberg,  who 
was,  we  believe,  the  first  to  have  a  Pettenkofer  respiration  appa- 
ratus constructed  for  experimenting  with  the  larger  animals  of 
the  farm,  and  had  perhaps,  at  that  time,  conducted  more 
experiments  on  feeding  tlum  any  other  agricultural  chemist  in 
Germany,  said  he  did  not  doubt  the  formation  of  fat  from 
carbohydrates  in  the  case  of  pigs.  He  added,  that  probably 
sooner  or  later  the  carbohydrates  would  be  restored  to  their 
former  position  so  far  as  fat-formation  in  other  animals  was  con- 
cerned, for  already  some  experiments  had  shown  that  such 
formation  was  quite  close  upon  the  limits  of  the  amount  possibly 
derivable  from  the  fat  and  albuminoid  matters  of  the  food.  Pro- 
fessor Emil  von  Wolff  also  spoke  in  the  same  sense  so  far  as 
pigs  were  concerned. 
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Since  that  time  experiments  have  been  made  on  the  subject 
in  Germany  with  various  animals;  but,  even  in  those  with 
pigs,  the  conditions  above  indicated  as  desirable,  with  a  view 
to  obtaining  decisive  results  the  most  easily,  were  not  followed. 

Experiments  were  made  with  cows  by  Voit  at  Munich,*  by 
Wolff  at  Hohenheim,'^  and  by  G.  Kiihn  at  M5ckem.'  In  those 
at  Munich  and  at  Hohenheim  the  amount  of  fat  in  the  food, 
and  that  possibly  derivable  from  the  albumin  consumed,  very 
nearly  corresponded  with  the  amount  of  &t  in  the  milk.  In 
the  experiments  at  Mockem,  however,  a  small  excess  of  milk- 
fat  was  produced.  None  of  these  experiments,  therefore, 
afforded  evidence  of  the  formation  of  fat  from  the  carbohy- 
drates. 

In  experiments  made  by  Kern  and  Wattenberg,  at  Gdttin- 
gen/  with  sheep  of  vai*ious  ages,  in  ten  cases  the  &t  stored  up 
fell  short  by  24  to  64?  per  cent,  of  that  which  could  have  been 
derived  from  the  fatty  matter  and  nitrogenous  substance  con- 
sumed. In  one  experiment,  however,  one  animal  was  killed 
and  the  initial  composition  determined,  and  the  other  was  fed 
for  ten  weeks,  and  the  composition  and  digestibility  of  the  food 
were  determined.  The  results  showed  that  29*4  per  cent,  of 
the  fat  stored  up  must  have  been  derived  from  other  sources 
than  the  fat  and  the  albumin  of  the  food ;  and,  even  making  all 
allowance  for  possible  error,  it  was  concluded  that  fat  most 
have  been  derived  from  the  carbohydrates  consumed. 

In  other  experiments  at  Gottingen,  by  T.  Pfeiffer  and 
Lehmann,^  a  similar  result  was  obtained  with  a  sheep  fed  with 
a  considerable  quantity  of  sugar. 

In  an  experiment  made  by  Wolff  at  Hohenheim,^  a  young 
pig  was  fed  for  108  days  with  barley  and  maize-meal,  with  the 
addition  of  pure  starch.  The  constituents  digested  were  deter- 
mined. Referring  to  the  results,  Wolff  says  that,  having  regard 
simply  to  the  amounts  of  constituents  consumed,  and  of  increase 
produced,  it  is  scarcely  possible  to  suppose  that  the  quantity  of 
fat  which  must  have  been  stored  up  could  have  been  formed 
without  the  co-operation  of  the  carbohydrates.  He  points  out 
that  fat  equal  to  only  29  per  cent,  of  the  increase  in  live-weight 
could  have  been  produced  from  the  fat  and  the  albumin  of  the 

•  Z&itschHftfur  Biologic,  1869,  p.  113. 

*  Die  Versuchsstati^mejit  HohenJieim,  Berlin,  1870,  p.  50;  also  M.  Fleischer 
in  Virchom^t  Archivfiir  Patholog,  Anat.,  Band  61,  1870. 

'  Versuchsstati/nten,  1869,  Band  12,  p.  461. 

*  Joum./iir  Landw.  Jahrg.  26,  p.  649. 

»  Joum.  fUr  Landw.  1885,  Band  33,  p.  337  ;  also  1886,  Band  34,  p.  S3. 

•  Die  rationelU  FUtterung  der  Umdwirtluchaftliohen  Nuttthiere^  6««  Auff., 
1888,  p.  48. 
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food ;  and  in  this  calculation  he  takes  the  whole  of  the  albumin 
as  available,  without  reckoning  any  to  have  been  stored  up. 
He  adds  that,  according  to  the  percentage  of  fat  in  increase  in 
the  Bothamsted  experiment  No.  1,  there  must  have  been  60 
per  cent,  or  more.  According  to  our  own  calculation  of  WolflTs 
results,  it  seems  probable  that  about  60  per  cent,  of  the  total 
&t  in  the  increase  must  have  been  derived  from  carbohydrates. 
It  is  particularly  to  be  observed  that,  in  the  case  of  this  experi- 
ment, WolflF  concluded  that  the  formation  of  fat  from  the 
carbohydrates  might  be  considered  established,  not  only  without 
any  respiration  apparatus,  but  even  without  any  direct  deter- 
mination of  fat  in  the  animal. 

WolflF  quotes  the  results  of  experiments  with  pigs  at  Moscow, 
by  Tschirwinsky,  in  1880-1  and  in  1881-2.*  It  was  estimated 
that  in  the  one  case  61*6  per  cent.,  and  in  the  other  76-9  per 
cent,  of  the  fat  of  the  increase  must  have  had  its  source  in  the 
carbohydrates  of  the  food. 

In  an  experiment  made  with  a  pig  at  Vienna  by  Meissl  and 
Strohmer,^  it  was  estimated  that  82  2  per  cent,  of  the  stored-up 
&t  must  have  been  derived  from  the  carbohydrates  consumed. 

At  Proskau,  Weiske  and  B.  Schulze^  made  experiments 
with  geese;  and  they  concluded  that  in  one  case  13  percent., 
and  in  the  other  17*6  per  cent,  of  the  stored-up  fat  must  have 
been  derived  from  carbohydrates. 

At  Peterhof,  near  Riga,  Chaniewski*  experimented  with 
geese;  and  from  the  results  concluded  that  in  one  case  71*1  per 
cent.,  in  another  786  per  cent.,  and  in  a  third  86*7  per  cent,  of 
the  stored-up  fat  must  have  been  derived  from  carbohydrates. 

WolflT  also  quoted  recent  experiments  by  A.  von  Planta  and 
Erlenmeyer,  at  Munich,  with  bees,^  in  which  it  was  proved  that 
wax  had  been  formed  from  sugar. 

Lastly,  in  1880-1,  Soxhlet  made  experiments  with  three  pigs 
at  the  Agricultural  Experiment  Station  at  Munich.^  The  animals 
were  five  to  six  months  old,  they  were  fed  for  a  preliminary  period 
of  321  days  with  equal  but  limited  amounts  of  barley-meal. 
No.  1  was  then  killed  and  analysed ;  No.  2  was  fed  for  75  days, 
and  No.  3  for  82  days,  with  4*4  lb.  steamed  rice  per  head 
per  day  for  most  of  the  time,  but  only  three-fourths  as  much 
afterwards.     Meat  extract  was  also  given  for  50  days.     Finally, 


'    Ver»uchJittatian€n,  1883,  Band  29,  p.  317. 
«  Ber.  Acad.  Wissem.,  Wien,  1883,  Band  88,  p.  iii. 

»  &  *  B.  Wolff,  Die  rationelle  Fiitterwng  der  landwirthtchoftUchen  NuU' 
thiere,  5**  Aufl.   1888,  p.  50. 

*  Bienenzeiiwug  v.  A,  Schmidt ^  1878,  p.  181. 

*  Zrits.  d.  landw.  Vereint  in  Bay  em,  1881,  pp.  423-436. 


48  Ths  Feeding  of  Animals. 

Nos.  2  and  3  were  killed  and  analysed.  Calculation  showed 
that  the  increase  of  No.  2  contained  14*19  per  cent  of  nitrogenoiis 
substance,  and  25*80  per  cent,  of  fat;  t^nd  that  of  No.  3,  7*25 
per  cent,  of  nitrogenous  substance,  and  57*23  per  cent,  of  &t. 
That  is,  the  increase  of  No.  3  contained  only  half  as  much 
nitrogenous  substance,  and  more  than  twice  as  much  fat,  as  that 
of  No.  2  ;  and  even  the  higher  proportion  of  fat  (57'23)  is  low 
compared  with  that  which  would  be  obtained  with  animals  of 
good  breed,  and  rapidly  fattened  on  appropriate  food  given  ad 
libitvm;  whilst  the  composition  of  the  increase  of  No.  2,  both  as 
to  nitrogenous  substance  and  fat,  can  hardly  be  called  that  of 
fattening  increase  at  all.  Still,  calculation  showed  that,  of  the 
total  fat  in  the  increase  of  No.  2,  79*38,  and  in  that  of  No.  3, 
81*84  per  cent.,  must  have  been  derived  from  the  carbohydrates 
of  the  food. 

Notwithstanding  the  extraordinary  difference  in  the  composi* 
tion  of  the  increase  of  Soxhlet's  pigs  No.  2  and  No.  3,  after  having 
been  fed  alike,  he  says  that  only  our  experiment  No.  1  is  admissible 
for  calculation,  because  it  is  only  in  that  case  that  the  initial  and 
final  compositions  were  determined  in  parallel  animals.  He,  in 
fact,  accepts  our  least  conclusive  result,  obtained  with  food 
abnormally  rich  in  nitrogenous  substance,  and  repudiates  our 
most  conclusive  experiments  with  appropriate  fattening  food. 
Accordingly,  he  maintains  that  we  had  only  shown  the  probability 
of  the  formation  of  fat  from  the  carbohydrates,  and  that  his  own 
results,  as  above,  were  the  first  to  prove  it. 

The   discussion   of   the   results  of   the   nine   experiments 
recorded  in  Table  V.  must  have  sufficed  to  show  that  in  some  of 
them  a  very  large  proportion  of  the  fat  of  the  increase  must  have 
been  produced  from  the  carbohydrates.     The  mode  of  calculation 
adopted  showed,  however,  a  maximum  amount  of  the  &t  of  the 
increase  to  have  been  possibly  derivable  from  fatty  matter  in  the 
food,  a  maximum  amount  of  the  nitrogenous  substance  of  the 
food  to  be  available  for  fat-formation,  and  a  maximum  amoant 
producible  from  a  given  amount  of  nitrogenous  substance ;  and 
hence  a  minimum  amount  necessarily  derived  from  carbohydrates; 
But,  as  the  results  so  calculated,  and  discussed  with  due  reserva- 
tion on  these  points,  are  those  upon  which  we  have  for  so  many 
years  maintained  that  the  formation  of  fat  from  the  carbohydrates 
has  been  proved,  and  as  it  is  those  results,  and  the  conclusions 
drawn  from  them,  that  have  instigated  so  much   subsequent 
investigation  leading  to  the  confirmation  of  our  views,  it  seemed 
desii'able  prominently  to  direct  attention  to   the  evidence  as 
80  brought  out. 
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We  have,  however,  as  already  said,  long  ago  re-calculated 
many  of  our  feeding  experiments,  making  allowance,  as  far  as 
practicable,  for  the  probable  amount  of  indigestible  and  neces- 
sarily effete  matters  of  the  foods.  We  have  also,  as  referred  to  at 
pp.  28-31,  arranged  tables  founded  on  our  direct  analytical 
results  on  the  ten  animals,  showing  the  probable  average  per- 
centage composition  of  the  different  descriptions  of  animal,  each  at 
eight  gradationary  points  from  the  store  to  the  very  fat  condition, 
and  have  applied  the  factors  thus  obtained,  not  only  for  the 
calculation  of  the  composition  of  the  increase  in  a  number  of 
cases  of  ordinary  practice,  and  of  direct  expeiiment,  but  also 
for  the  re-calculation  of  some  of  the  results  to  which  Table  V. 
relates.  Accordingly,  in  the  next  Table  (VI.)  are  given  the 
results  obtained  in  experiment  No.  1,  which  were  inconclusive 
according  to  the  original  mode  of  calculation ;  and  also  those 
obtained  in  experiments  4  and  5,  which,  even  as  originally 
calculated,  could  leave  no  doubt  of  very  considerable  formation 
of  fat  from  the  carbohydrates. 

All  these  re-calculations  are  in  the  first  place  based  on  the 
assumption,  since  generally  adopted  by  others,  that  100  nitro- 
genous substance  can  at  the  most  yield  51*4  of  fat,  instead  of 
nearly  62,  which  would  be  the  figure  according  to  the  original 
plan  of  calculation  adopted  in  the  construction  of  Table  V. 

Then,  each  experiment  is  now  calculated  three  ways : — first, 
on  the  assumption  that  the  whole  of  the  fatty  matter  and  the 
nitrogenous  substance  of  the  food  were  digested  ;  secondly,  sup- 
posing that  only  90  per  cent.,  and  thirdly,  that  only  80  per  cent, 
was  digestible  and  available.  Lastly,  in  the  case  of  experiments  4 
and  5,  after  very  carefully  considering  the  weights  and  character 
of  the  animals,  and  the  duration  of  the  fattening  period,  the  initial 
and  final  composition  have  been  taken,  not  as  in  Table  V. 
the  same  as  in  experiment  1,  but  the  initial  at  a  composition 
three-eighths  in  advance  from  the  store  to  the  fat  condition, 
and  the  final  composition  at  a  quarter  in  advance  of  fatness, 
compared  with  the  fat  pig  of  experiment  1.  It  is  worthy  oi 
remark,  that  this  carefully  reconsidered  independent  mode  of 
estimate  gives  almost  precisely  the  same  percentage  of  nitrogen- 
ous substance,  and  precisely  the  same  of  fat,  in  the  increase  in 
experiment  4,  as  in  the  former  estimate,  namely,  now  5*4  instead 
of  5*3  per  cent,  of  nitrogenous  substance,  and  in  both  cases  79 
per  cent,  of  fat,  the  animals  being  all  very  fat.  Again,  the  new  - 
mode  of  calculation  gives  for  experiment  5,  ^'4  per  cent,  of  6/ 
nitrogenous  substance,  and  72*3  per  cent,  of  fat  in  the  increase,  / 
instead  of  6*5  and  71*2  per  cent,  as  formerly  adopted. 

Let  us  first  refer  to  the  results  of  experiment  1,  in  which 
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parallel  animals  were  analysed,  but  in  which,  as  has  been 
pointed  out,  the  food  was  much  more  highly  nitrogenous  than  is 
appropriate  in  the  fattening  food  of  the  pig.  Tliose  given  in 
column  1,  in  which  it  is  assumed  that  the  whole,  both  of  the 
nitrogenous  substance  and  of  the  fat  of  the  food,  was  digestible 
and  available,  show  that,  when  we  now  reckon  only  51*4  instead 
of  about  62  parts  of  fat  to  be  derivable  from  100  nitrogenous 
substance,  even  this  experiment  indicates  that  the  fat  in  the 
food,  and  that  derivable  from  the  nitrogenous  substance  con- 
sumed, were  scarcely  suflBcient  to  cover  the  whole  of  the  fat  of 
the  increase.  Obviously,  too,  if  it  be  assumed,  according  to  the 
more  recent  estimate,  that  only  about  42  parts  of  fat  can  be 
derived  from  100  of  albuminoid  substance,  there  would  then,  even 
in  this  experiment,  with  such  abnormally  high  nitrogenous  food, 
be  a  considerable  formation  of  fat  from  carbohydrates. 

Turning  to  the  results  in  the  second  column,  which  are 
calculated  on  the  assumption  that  only  90  per  cent,  of  the  nitro- 
genous substance,  and  90  per  cent,  of  the  fatty  matter,  of  the 
food  would  be  digested,  it  is  seen  that — for  100  increase  in  live- 
weight  6'8  parts,  for  100  total  fat  in  the  increase  10*8  parts,  or 
for  100  newly -formed  fat  13*9  parts,  must  have  been  derived 
from  carbohydrates. 

Lastly,  in  regard  to  experiment  1 ,  reckoning  only  80  per 
cent,  of  the  nitrogenous  substance  and  fat  of  the  food  to  have 
been  digested  and  available,  the  result  would  be  that  13*5  of 
the  63*1  parts  of  fat  in  100  of  increase  must  have  had  some  other 
source  than  fat  and  nitrogenous  substance  of  the  food ;  or 
reckoned  for  100  total  fat  in  the  increase,  21*4  parts,  or  for  100 
newly-formed  fat  26*7  parts,  must  have  been  derived  from 
carbohydrates. 

In  regard  to  the  alternative  assumptions  that  only  90  or 
only  80  per  cent,  of  the  nitrogenous  and  fatty  matters  of  the 
food  were  digested,  it  may  be  stated  that  in  Wolff's  Tables, 
published  in  Mentzel  und  v.  Lengerke^s  landwirtJischaftlicher 
Kalender  for  1890,  he  reckons  88  per  cent,  of  the  nitrogenous 
substance  of  beans,  89*9  per  cent,  of  that  of  lentils,  77*9  per 
cent,  of  that  of  bran,  79*2  per  cent,  of  that  of  maize,  and  77 
per  cent,  of  that  of  barley,  to  be  on  the  average  digested  ;  and 
of  the  fatty  matter  of  these  foods,  he  reckons  87*5  per  cent,  of 
that  of  beans,  84*6  per  cent,  of  that  of  lentils,  706  per  cent,  of 
that  of  bran,  85*1  per  cent,  of  that  of  maize,  but  the  whole,  or 
100  per  cent.,  of  that  of  barley,  to  be  digestible.  So  far,  there- 
fore, as  experiment  1  is  concerned,  according  to  Wolff's  factors 
the  truth  would  lie  somewhere  between  the  results  supposing  90 
and  those  supposing  80  per  cent,  .digested. 
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Even  in  this  experiment,  then  (No.  1),  there  is  clear  evidence 
of  the  formation  of  fat  from  the  carbohydrates,  when  dednction 
is  made  for  indigestible  nitrogenous  and  fatty  matters  consumed, 
and  when  it  is  reckoned  that  only  51*4  parts  of  fat  may  be  pro- 
duced from  100  albuminoid  substance.  Obviously,  if  only  42 
parts  of  fat,  as  assumed  by  some,  can  be  formed  from  100 
albumin,  the  evidence  is  clearer  still. 

Turning  now  to  experiment  4,  in  which  the  food  was  maize- 
meal  alone,  given  ad  libitum^  and  the  relation  of  non-nitrogenona 
to  1  of  nitrogenous  substance  was  much  higher  than  in  experi- 
ment 1 ,  and  much  more  appropriate  for  the  rapid  fattening  of 
the  pig,  the  results  are  much  more  decisive.  They  were,  indeed, 
quite  conclusive  as  originally  calculated,  without  the  emen- 
dations now  adopted. 

The  results,  even  as  given  in  the  first  of  the  three  columns, 
in  the  calculation  of  which  it  is  assumed  that  the  whole  of  the 
nitrogenous  substance  and  fat  of  the  food  were  digested  and 
available,  show  that — for  100  increase  in  live-weight  26*2  parts 
of  fat,  for  100  total  fat  in  increase  33'2,  and  for  100  newly- 
formed  fat  49*7  parts,  must  have  been  derived  from  carbohydrates. 

Reckoning,  as  in  the  second  column,  that  90  per  cent,  of  the 
nitrogenous  substance  and  fatty  matter  consumed  were  digestible 
and  available,  the  calculations  show  that — for  100  increase  in 
live-weight  31*7  parts  of  fat,  for  100  total  fat  in  increase  40*1 
parts,  and  for  100  newly-formed  fat  57*3  parts,  would  be  derived 
from  carbohydrates.  Or,  reckoning  as  in  the  third  column,  that 
only  80  per  cent,  of  the  nitrogenous  substance  and  fisit  of  the  food 
were  digested  and  available,  the  results  show  that — for  100  in- 
crease in  live-weight  37*3  parts  of  fat,  for  100  total  fat  in  the 
increase  47*2  parts,  and  for  100  newly-formed  fat  64*3  parts, 
or  nearly  two-thirds,  of  the  total  produced  fiett,  would  have  its 
source  in  the  carbohydrates. 

It  may  be  observed  that,  in  the  case  of  this  experiment  with 
maize,  the  results  given  in  the  third  column  would  very  nearly 
accord  with  those  which  would  be  obtained  if  WolflPs  average 
percentages  of  digestible  constituents  had  been  adopted. 

Let  us  now  refer  to  the  results  of  experiment  5,  in  which 
the  food  was  barley-meal  alone,  given  ad  libitum^  and  the 
albuminoid  ratio  was  nearly  that  recognised  as  most  suitable 
for  the  rapid  fattening  of  the  pig. 

The  first  of  the  three  columns,  calculated  on  the  assumpticm 
that  the  whole  of  the  nitrogenous  substance  and  fat  consumed 
were  digested,  shows  that  under  such  conditions  there  would  be 
— for  100  increase  in  live-weight  30*3  parts  of  fat,  for  100  total 
&t  in  increase  41*9  parte,  and  for  100  newly-formed  fat  60*6 
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f6krtBj  or  about  half,  that  must  have  been  derived  from  other 
constituents  than  the  fatty  matter  and  nitrogenons  substance  of 
the  food. 

The  results  in  the  second  column,  calculated  on  the  assump- 
tion that  90  per  cent,  of  the  fatty  matter  and  nitrogenous  sub- 
stance were  digested,  show  that — in  100  increase  in  live- weight 
34*8  parts  of  fat,  in  100  of  total  fat  in  increase  48*  1  parts, 
and  of  100  newly-formed  fat  57*0  parts,  must  have  been  formed 
from  carbohydrates. 

Lastly,  the  results  in  the  third  column,  reckoning  only  80 
per  cent,  of  the  nitrogenous  substance  and  fat  to  be  digested, 
show  that  on  this  supposition — of  100  increase  in  live-weight 
39 '4  parts  of  fat,  of  100  total  fat  in  increase  54*5  parts,  or  of 
100  newly-formed  fat  63*1  parts,  or  again  nearly  two-thirds,  must 
have  been  derived  firom  carbohydrates. 

So  much  for  the  evidence  of  results  relating  to  pigs,  in  their 
bearing  on  the  question  of  the  sources  of  their  fat,  when  fed  on 
their  appropriate  fattening  food.  It  is  cumulative  and  decisive, 
that  at  any  rate  a  large  proportion  of  the  stored-up  fat  must 
have  its  source  in  other  constituents  than  the  fat  and  nitro- 
genous substance  of  the  food,  in  other  words — in  the  ca/rbcH 
hydrates. 

The  Eosperiments  at  Bothamsted  v^th  Sheep, 

It  has  been  pointed  out  that,  compared  with  pigs,  there  is 
with  ruminants  a  much  smaller  amount  of  increase  obtained, 
in  proportion  both  to  their  weight  within  a  given  time,  and  to 
a  given  amount  of  food  passed  through  the  body ;  that  there  is 
also  a  much  larger  amount  of  necessarily  effete  matter  in  their 
food ;  and  that,  therefore,  the  result  of  calculations  of  feeding 
experiments  with  them  in  regard  to  the  question  of  the  sources 
in  the  food  of  the  fat  stored  up  in  the  body  is  less  conclusive. 
It  will,  nevertheless,  be  of  interest  to  adduce  some  direct  experi- 
mental evidence  on  the  point. 

Some  time  after  the  discussion  at  Hamburg,  in  1876,  two 
sets  of  experiments  made  at  Rothamsted  with  sheep,  in  which 
the  concentrated  foods  were  barley  or  malt,  and  in  which,  there- 
fore, the  amount  and  pix)portion  of  nitrogenous  substance  con- 
sumed were  low,  were  selected  for  calculation. 

The  first  series  comprised  five  pens,  with  four  or  five  sheep  in 
each.  The  experiments  had  been  made  in  the  spring  of  1849, 
and  extended  over  a  final  fattening  period  of  ten  weeks.  In 
each  pen  barley  or  malt  was  given  in  fixed  quantity  per  head  per 
day,  and  in  each  pen  also  mangel  was  given  in  addition,  ad  libitum. 

E 
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The  second  series  also  comprised  five  pens,  but  with  twelve 
sheep  in  each.  The  experiments  were  made  in  the  winter  of 
1863—4,  and  they  extended  over  a  final  fattening  period  of  twenty 
weeks.  The  animals  were  at  an  earlier  stage  of  progress  at  the 
commencement  than,  and  not  quite  so  mature  at  the  conclusion 
as,  those  of  the  other  series.  In  each  pen  barley  or  malt  was  given 
in  fixed  quantity  per  head,  in  each  clover  chaff  also  in  fixed 
quantity,  and  in  each  roots  were  given  ad  libitum ;  Swedish  turnips 
during  the  first  sixteen  weeks,  and  a  mixture  of  one-fourth 
swedes  and  three-fourths  mangel  during  the  last  four  weeks  of 
the  twenty. 

The  results  of  these  two  series  of  experiments  with  sheep, 
calculated  to  show  their  bearing  on  the  question  of  the  sources 
of  the  fat  stored  up  by  the  animals,  are  given  in  Table  VII. 

It  will  be  seen  that  the  form  of  the  table  is,  so  far  as  the 
facts  will  allow,  the  same  as  has  been  adopted  in  the  case  of 
the  various  experiments  with  pigs.  A  general  description  of 
the  food  of  each  series  is  given  over  the  columns  relating  to  the 
series,  and  at  the  head  of  each  separate  column  is  given  a 
description  of  the  limited  food  supplied  to  each  pen. 

The  results  are  calculated  for  100  increase  in  live-weight. 
Referring  to   the   upper  division  of  the  table,  there  are  first 
shown — the  amounts  of  nitrogenous  substance  (digestible)  in 
the  fixed  food,  the  amounts  in  the  increase,  and  the  difference 
s=the  amounts  available  for  fat-formation.    Next  are  given — ^the 
amounts  of  fat  in  the  increase,  in  the  total  food  (digestible),  and 
the  difference  =  the   newly- formed  fat;  the  amounts  derivable 
from  the  available  nitrogenous  substance  in  the  fixed  food,  and 
the  difference  s=  the  amount  required  to  be  produced  from  other 
sources.     Then,  in  the  lower  division  of  the  table  are  given,  for 
each  pen,  the  amounts  of  fat  derivable  from  the  nitrogenous 
substance  of  the  roots,  on  the  alternative  assumptions  that  50, 
60,  70, 80,  90  per  cent.,  or  the  whole,  of  that  which  they  contain, 
will  be  digestible  and  available  for  fat-formation. 

It  should  be  further  explained,  that  80  percent,  of  the  nitro- 
genous substance  of  barley  or  of  malt  is  reckoned  as  digestible 
and  available  for  the  purposes  of  the  system.  Wolff's  estimates 
were,  in  1874,  80  per  cent.,  in  1888,  77-3  percent.,  and  in  1890, 
77  per  cent.  In  malt-dust,  80  per  cent,  is  assumed  to  be 
digestible,  against  Wolffs  estimate  of  80  per  cent,  in  1874,  and 
82  per  cent,  in  1888  and  1890.  In  clover-chaff  two-thirds,  or 
66*7  per  cent.,  of  the  nitrogenous  substance  is  reckoned  as 
digestible,  against  a  range  in  Wolff's  Tables,  according  to 
quality,  from  5V4  to  69*9  per  cent.  In  the  cases  of  Swedish 
turnips   and   mangel,  Wolff  assumes  the  whole  of  the  nitro- 
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sabstance  of  the  fixed  foods.  Comparing  the  figures  in  the 
bottom  line  of  the  lower  division  of  the  table  with  those  in  the 
bottom  line  of  the  upper  division,  it  is  seen  that,  even  on  the 
impossible  assumption  that  the  whole  of  the  nitrogen  of  the 
mangel  existed  in  compounds  of  the  same  fat-forming  value  as 
the  albuminoids,  in  neither  of  the  five  cases  would  the  amount 
BO  available  completely  supply  the  amount  required. 

The  amount  of  true  albuminoid  nitrogen  varies  very  much 
in  different  descriptions  of  roots,  and  in  the  same  description 
according  to  season,  maturity,  &c.  Thus,  at  Bothamsted  we 
have  fonnd  it  in  mangel  as  low  as  20*5  per  cent,  of  the  total 
nitrogen  under  nnfavourable  conditions  of  growth  and  ripening, 
and  as  high  as  44*2  under  favourable  conditions.  We  generally 
assume  in  calculation  that  40  per  cent,  of  the  nitrogen  of 
mangel  will,  on  the  average,  exist  as  albuminoids ;  and  Wolff's 
average  figure,  as  given  in  1888,  is  36*1  per  cent.  The  amount 
existing  as  amides  will  probably,  in  most  cases,  vary  from  40  to 
50  per  cent,  or  more,  whilst  there  is  frequently  a  considerable 
quantity  as  nitrates,  the  more  the  les^  ripe  the  roots ;  and  we 
have  sometimes  found  the  amount  to  be  more  than  10  per  cent, 
of  the  total  nitrogen  of  the  roots. 

It  is  clear,  therefore,  that  even  supposing  as  little  as  50  per 
cent,  of  the  nitrogen  of  the  roots  to  be  available  for,  and  capable 
of,  fat-formation,  as  assumed  in  the  top  line  of  the  lower  division  of 
the  table,  that  amount  would  generally  include  other  than  albu- 
minoid compounds.  Nevertheless,  Wolff  in  his  tables  assumes  the 
whole  of  the  nitrogen  of  roots  to  be  digestible  and  available  for 
the  purposes  of  the  system,  since  it  has  been  shown  that  amides 
are  transformed  in  the  body  and  yield  urea ;  leaving,  therefore,  by- 
products of  transformation  available  for  expenditure  in  respiration, 
and  so  protecting  the  true  albuminoids,  or  the  carbohydrates. 

There  is,  however,  so  far  as  we  are  aware,  no  direct  experi- 
mental evidence  yet  at  command  indicating  that  the  by- 
products of  the  transformation  of  amides  may  directly  contribute 
to  the  formation  of  fat.  Results  of  independent  experimenters 
have,  however,  shown  that  the  heat  of  combustion  of  asparagine 
for  example,  is  only  about,  or  little  more  than,  half  that  of 
albumin ;  and  supposing  that  the  amides  do  directly  contribute 
to  the  formation  of  fat,  it  may  safely  be  concluded  that  a  given 
quantity  of  amide  would  yield  very  much  less  fat  than  an  equal 
quantity  of  albuminoid.  As  bearing  upon  this  point,  it  is  to  be 
borne  in  mind  that,  on  the  average,  the  amide  bodies  most 
frequently  occurring  in  food-stuffs  have  a  higher  percentage  of 
nitrogen  than  the  albuminoids.  Wolff  estimates  that  whilst  the 
nitrogen  of  food   should  be    x  6'25  to  represent   albuminoids, 
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5*5  wonld,  on  the  average,  be  a  more  appropriate  factor  for 
calculating  the  amount  of  amide  from  timt  of  the  nitrogen. 
Further,  he  admits  that  so  far  as  the  nitrogen  in  potatoes,  roots, 
and  other  food-stuffs  exists  as  amides,  the  nutritive  value  of 
the  food  is  reduced ;  nevertheless,  as  has  been  said,  in  his  tables 
he  assumes  the  whole  of  the  nitrogenous  substance  of  roots  to 
be  digestible,  and  of  equal  value  with  the  albuminoids. 

Then  again,  as  generally  more  or  less  of  the  nitrogen  in 
roots  will  exist  as  nitrates,  it  will  so  far  not  only  have  no  food 
value,  but  it  may  be  positively  injurious.  It  may  be  added  that, 
other  things  being  equal,  the  higher  the  percentage  of  nitrogen 
in  roots,  the  lower  as  a  rule  will  be  the  proportion  of  it  as 
albuminoids,  and  the  higher  that  as  amides  and  as  nitrates,  &c. 
Further,  in  direct  experiments  at  Rothamsted  with  sheep  feeding 
on  roots  alone,  it  was  found  that  whilst  the  animals  even  gained 
in  weight  on  ripe  roots,  low  in  nitrogen,  they  actually  lost  on 
roots  that  were  less  ripe,  high  in  nitrogen,  and  doubtless  con- 
taining a  larger  proportion  of  their  nitrogen  as  non-albuminoid 
compounds. 

From  these  various  considerations  it  is  obvious  that  by  no 
means  the  whole  of  the  nitrogen  of  the  mangel  can  be  estimated 
as  having  existed  in  compounds  which  could,  in  their  transfor- 
mation, yield  the  amount  of  fat  possibly  derivable  from  true 
albuminoids.  However,  with  the  great  variation  in  the  propor- 
tion of  albuminoids  and  amides  in  roots,  and  the  absence  of 
exact  knowledge  as  to  the  probable  value,  if  any,  direct  or 
indirect,  of  amides  for  fat-formation,  it  is  impossible  to  form 
any  certain  estimate  as  to  which  of  the  percentages  given 
alternatively  in  the  lower  division  of  the  table  most  probably 
represents  the  amount  of  fat  producible  from  the  nitrogenous 
substance  of  the  mangel  given  ad  libitum  in  each  of  the  five 
pens  of  the  first  series  of  experiments  with  sheep.  It  is, 
however,  quite  safe  to  conclude  that  very  much  less  than  the 
whole  would  be  so  available  ;  and  if  we  were  to  assume  that  of 
the  nitrogenous  constituents  of  the  roots  only  the  albuminoids 
would  be  available  for  fat-formation,  the  figures  given  in  the  top 
line  of  the  lower  division  of  the  table,  according  to  which  it  is 
reckoned  that  only  50  per  cent,  of  the  total  nitrogenous  com- 
pounds of  the  roots  would  be  capable  of  fat-formation,  would  in 
each  case  represent  less  than  half  the  amount  required. 

It  is  quite  clear  that  at  any  rate  a  large  proportion  of  the 
increase  estimated  to  be  necessarily  derived  firom  other  sources 
than  the  fat  of  the  total  food,  and  the  nitrogenous  substance  of 
the  fixed  food,  must  have  been  derived  from  other  sources  than 
the  nitrogenous  substance  of  the  roots ;  in  other  words,  it  must 
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have  had  its  source  in  the  carbohydrates  of  the  fixed  food  or  of 
the  roots. 

Let  ns  now  examine  the  evidence  of  the  results  of  the  second 
series  of  experiments,  on  somewhat  similar  lines. 

As  in  series  1,  a  fixed  quantity  of  barley  or  malt  was  given 
in  each  pen,  but  now  a  fixed  quantity  of  clover-chaff  also.    This 
introduction  of  clover-chaff  into  the  fixed  food  brings  us  again 
face  to  face  with  the  difficulty  as  to  the  estimation  of  the  food- 
value  of  the  amides.     As  already  said,  the  calculation  of  the 
amounts  of  the  nitrogenous  substance  in  the  clover-chaff  which 
will  be  available  are  made  on  the  assumption  that  66*7  per 
cent,  of  the  total  nitrogen  will  be  digestible,  and  so  available ; 
and  this  figure  agrees  fairly  with  Wolff**8  estimates.     But  this 
amount  includes  amides  as  well  as  albuminoids.     In  Wolff's 
moet    recent  tables  he   estimates  that  the   proportion   of  the 
nitrogen  of  clover-hay  existing  in  non-albuminoid  compounds 
may  range  from   13'9   to   29*9   per  cent,   of  the  whole,   and 
probably  be  on  the  average  about  19  per  cent.     What  propor- 
tion, however,  of  the  two-thirds  of  the  total  nitrogenous  sub- 
stance of  clover-hay,  which  is  estimated  to  be  digestible,  will 
probably  be   non-albuminoid  there   is   no   evidence   to    show. 
In  these  circumstances  we  have,  in  the  calculations,  assumed 
the  whole  of  the  digestible  nitrogenous  substance  of  clover-hay 
to  have  the  food-value  of  albuminoids.     The  figures  will,  there- 
fore, doubtless  overstate  the  amount  of  the  nitrogenous  substance 
consumed  in  the  fixed  foods  which  is  really  available  for  nitro- 
genous increase  and  for  fat-formation. 

Taking  the  figures  as  they  stand,  it  is  seen  that,  after 
deducting  the  amount  of  nitrogenous  substance  estimated  to  be 
stored  up  in  100  of  increase  from  the  amount  supplied  in  the 
fixed  food,  there  remain  in  the  several  experiments — 44*9,  43-6, 
48*3,  48*4,  and  51*1  parts,  possibly  available  for  fat-formation. 

Then,  deducting  the  amount  of  digestible  fat  in  the  total 
food  from  the  fat  estimated  to  be  stored  up  in  the  increase, 
there  remain — 559,  56'1,  560,  55*7,  and  55*2  parts,  which 
must  have  been  newly-formed.  Deducting  from  these  amounts 
those  producible  from  the  available  nitrogenous  substance  of  the 
fixed  foods,  there  remain— 32-8,  33*7, 31*2,  30-8,  and  289  parts, 
to  be  formed  from  other  sources.  Comparing  with  these 
amounts  those  derivable  from  the  nitrogenous  substance  of  the 
roots,  assuming,  as  shown  in  the  bottom  line  of  the  table, 
that  the  whole  of  it  would  have  the  same  value  for  fat-formation 
as  true  albuminoids,  it  is  seen  that  in  four  out  of  the  five  cases 
the  fat  so  assumed  to  be  formed  would  be  less  than  that  required. 
In  these  experiments  the  roots  consisted  chiefly  of  Swedish 
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turnips,  and  in  only  small  proportion  of  mangel.  The  evid^ice 
at  command  leads  to  the  conclusion  that,  in  Swedish  turnips,  a 
larger  proportion  of  the  total  nitrogen  exists  as  albuminoids, 
and  a  less  proportion  as  nitrates,  than  in  the  more  succulent 
mangel.  We  have  found  the  proportion  of  the  total  nitrogen 
of  Swedish  turnips  existing  as  albuminoids  as  low  as  32*9,  and 
as  high  as  55*8  ;  and  for  tibe  purposes  of  calculation  we  assume 
that,  on  the  average,  45  per  cent,  will  be  in  that  form.  As 
large  or  a  larger  amount  will,  however,  exist  as  amides  than  in 
mangel. 

It  is  evident,  therefore,  that  even  if  we  assume  50  per  cent, 
of  the  total  nitrogenous  substance  of  the  roots  consumed  in  this 
second  series  of  experiments  to  have  been  of  value  for  fat-forma- 
tion, some  amide  will  be  included.  But,  even  on  the  assumption 
that  50  per  cent,  had  the  value  of  albuminoids  for  fat-formation, 
less  than  half  the  amount  of  fat  required  would  be  derivable 
from  the  nitrogenous  substance  of  the  roots.  Assuming,  how- 
ever, that  the  amides  of  the  roots  would,  as  such,  have  a  certain, 
though  not  an  equal,  value  with  the  albuminoids  for  fat-forma- 
tion, or  that,  as  protectors  of  other  constituents,  they  may 
contribute  indirectly  to  such  formation,  there  would  still  remain 
a  considerable  amount  of  the  produced  fat  to  be  derived  from 
other  sources — that  is,  from  cai'bohydrates. 

Upon  the  whole,  then,  although  the  evidence  of  fat-formation 
from  the  carbohydrates  of  the  food  is  admittedly  less  direct  Id 
the  case  of  sheep  than  in  that  of  pigs,  yet,  when  the  foregoing 
results  are  carefully  considered  with  due  regard  to  the  ibcX& 
which  have  been  discussed,  no  doubt  can  be  entertained  that 
there  was  a  considerable  formation  of  fat  fit>m  carbohydrates  in 
both  of  the  series  of  experiments  with  sheep.  And  when  it  is 
borne  in  mind  that  neither  of  these  series  of  experiments  was 
arranged  for  the  purpose  of  elucidating  this  particular  question, 
it  must  be  admitted  that  the  results  are  more  definite  and  con- 
clusive than  might  have  been  anticipated.  Nor  can  there  be 
any  doubt  that  if  experiments  were  made  with  oxen  under 
suitable  conditions,  they  would  yield  equally  conclusive  evidenoe 
on  the  point.  Indeed,  as  anticipated  by  Henneberg  in  the 
observations  he  made  at  Hamburg  in  1876,  we  may  consider 
that  the  carbohydrates  are  re-instated  in  their  position  in  the 
formation  of  the  fat  of  ruminants  as  well  as  in  that  of  pigs. 

Summary  on  the  Sources  of  the  Fat  of  tJie  Animals  of  the  Farm* 

It  was  in  1865,  that  is,  nearly  thirty  years  ago,  that 
Voit  first  called  in  question  the  then  very  generally  accepted 
opinions  on  the  subject;  and  as  his  evidence,  derived  from 
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experiments  with  the  omnivoroas  dog,  accumulated,  he  more 
and  more  urged  that  his  conclusions  were  equally  applicable  to 
herbivora.  His  Tiews  on  the  point  came  to  be  very  generally 
adopted  by  agricultural  chemists  in  Germany,  and,  in  1874, 
Professor  Emil  von  Wolff  adopted  them,  but  with  some  reserva- 
tion so  far  as  pigs  are  concerned,  in  his  text-book  entitled  Die 
ratumeUe  FiUteruiig  der  laiidivirthschaftlichen  Nutzthiere;  auf 
Orundlage  der  neiLsren  thierphysiologischen  Forschungen. 

It  has  been  already  stated  that,  in  the  discussion  at  Hamburg 
in  1876,  Wolff  more  clearly  admitted  that  pigs  might  behave 
exceptionally  in  the  matter ;  whilst  Henneberg  assumed  that 
ruminants  also  would  prove  to  be  exceptions  to  the  application 
of  Voit's  views. 

Since  that  date  a  number  of  experiments  have  been  made 
in  Germany  and  elsewhere,  both  with  pigs  and  with  ruminants, 
to  elucidate  the  point ;  and  when  the  conditions  of  the  experi- 
ments were  suited  to  the  object,  the  results  contributed  to  the 
re-establishment  of  the  conclusion  that  the  carbohydrates  play 
a  very  direct  and  important  part  in  the  fat-formation  of  the 
animals  of  the  farm. 

Further,  in  the  edition  of  Wolff's  work  published  in  1888 
he  almost  unreservedly  admits  the  role  of  the  carbohydrates  in 
the  formation  of  at  least  a  great  part  of  the  fat  not  only  of  pigs 
but  of  ruminants.  Indeed,  some  years  previously,  Voit  himself 
had  made  substantial  concessions  on  the  point.^ 

It  happens,  however,  that  about  1880  Dr.  Armsby,  now  the 
Director  of  the  Agricultural  Experiment  Station  at  the  Pennsyl- 
vania State  College,  published  a  work  which  has  since  passed 
through  several  editions,  entitled  Mannul  of  Gaitle-Feedimj ;  a 
Treatise  on  the  Ixiirs  of  Animal  Nutrition  ami  tlie  Chemistry  of 
Feeding^Stvffs  in  their  application  to  the  Feeding  of  Farwr- 
Animals^  which  was  a  very  good  digest,  chiefly  of  the  work 
done  in  Germany,  on  the  subject. 

So  far  as  the  question  of  the  sources  of  fat  is  concerned,  it 
gives  numerous  tabular  illustrations  from  Voit's  work ;  and  it 
follows  almost  exclusively  the  views  of  Voit  and  of  Wolff  at 
that  time.  He,  however,  quotes  results,  obtained  both  with 
pigs  and  with  other  animals,  which,  he  admitted,  indicate, 
according  to  the  figures,  the  formation  of  fat  from  the  carbo- 
hydrates. But  he  considered  that  the  data  at  command  were 
not  sufficient  to  solve  the  problem ;  and,  with  Wolff,  assumed 
that  the  question  could  not  be  satisfactorily  settled  without 
experiments  in  a  respiration  apparatus.     He   also  considered 

'  Hermann's  Haiidbtioh  d.  Phytiolagie,  Band  6,  Theil  1,  von  C.  v.  Voit, 
Leipzig,  1881. 
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that  estimates  founded  on  the  composition  of  the  increase  of 
fattening  animals  as  determined  at  Rothamsted,  are  uncertain. 
He,  nevertheless,  concluded  that  the  carbohydrates  may  serve 
as  a  source  of  fat  to  swine,  and  under  some  circumstances  to 
other  animals  also. 

It  happens  that  Dr.  Armsby's  book,  founded  to  a  great 
extent  on  WolfTs  earlier  editions,  was  the  only  work  of  the  kind 
in  the  English  langaage  ;  and  hence  many  of  the  rising  gene- 
ration of  agricultural  chemists,  both  in  this  country  and  in 
America,  adopted  the  view  that  the  albuminoids  are  the  main, 
if  not  the  exclusive,  source  of  the  fat  of  our  farm  stock,  and  of 
the  butter  of  cows'  milk. 

Under  these  circumstances  it  seemed  desirable  to  consider 
in  some  detail,  both  the  experimental  evidence  bearing  upon 
the  question,  and  the  discussions  which  have  taken  place  in 
regard  to  it  during  the  last  quarter  of  a  century  or  more. 
It  must  be  admitted,  that  the  importance  of  the  carbo- 
hydrates as  a  direct  source  of  much,  if  not  of  the  whole,  of  the 
fat  stored  up  in  the  animals  which  the  farmer  feeds  has  been 
clearly  re-established.  We  have  reason  to  believe  that  Dr. 
Armsby  himself  adopts  the  change  of  view ;  though  it  will  pro- 
bably be  some  time  before  the  truth  is  thoroughly  rec(^niaed  by 
the  younger  agricultural  chemists. 

It  was  maintained  by  Yoit  and  others,  that  to  establish  the 
formation  of  fat  from  the  carbohydrates  it  must  be  experi- 
mentally shown  that  the  fat  deposited  was  in  excess  of  that 
supplied  by  the  food,  2)lu8  that  which  could  be  derived  from 
transformed  albumin.  But  it  is  obvious  that  the  mere  fact  that 
the  food  contained  enough  nitrogenous  substance  for  the  forma- 
tion of  all  the  fat  that  had  been  produced  would  of  itself  be  no 
proof  that  that  substance  had  been  its  source.  It  has  been 
seen,  however,  that  Voit's  requirement  was  amply  fulfilled  in  the 
Rothamsted  experiments,  both  with  pigs  and  with  sheep ;  and 
hence  it  must  be  admitted  to  be  proved,  that  at  any  rate  some 
of  the  stored-up  fat  must  have  had  another  source,  which  could 
only  be  the  carbohydrates. 

In  winding  up  the  discussion,  perhaps  we  cannot  do  better 
than  reiterate  the  conclusions  given  in  our  paper  on  the  subject 
in  1866,  namely: — 

1.  That  certainly  a  large  proportion  of  the  fat  of  the  he^ 
bivora  fattened  for  human  food  must  be  derived  from  other 
substances  than  fatty  matter  in  the  food. 

2.  That  when  fattening  animals  are  fed  upon  their  moet 
appropriate  food,  much  of  tlieir  stored-up  fat  must  be  produced 
from  the  carbohydrates  it  supplies. 
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3.  That  nitrogenous  substance  may  also  serve  as  a  source  of 
fat,  more  especially  when  it  is  in  excess,  and  the  supply  of 
available  non-nitrogenous  constituents  is  relatively  defective. 

Food  and  Milk  Production. 

Milk-production,  and  the  dairy  industry,  are  of  such  great  and 
growing  importance,  and  their  various  branches  involve  so 
many  points  of  interest,  that  much  time  and  space  would  be 
required  to  adequately  discuss  them.  But  when  considering 
^what  are  the  animal  products  of  value  derived  from  the  con- 
sumption of  food  on  the  farm,  it  would  obviously  be  inappro- 
priate not  to  refer,  however  briefly,  to  the  question  of  milk- 
production  in  some  of  its  aspects. 

Attention  must,  however,  be  confined  almost  exclusively  to 
the  great  difference  in  the  demands  made  on  the  food— -on  the 
one  hand  for  the  production  of  meat,  that  is  of  animal  increase, 
and  on  the  other  for  the  production  of  milk.  But  not  only 
do  cows  of  different  breeds  yield  different  quantities  of  milk, 
and  milk  of  characteristically  different  composition,  but  indi- 
vidual animals  of  the  same  breed  have  very  different  milk-yield- 
ing capacity  ;  and  whatever  the  capacity  of  a  cow  may  be,  she 
has  a  maximum  yield  at  one  period  of  her  lactation,  which  is 
followed  by  a  gradual  decline.  Hence,  in  comparing  the 
amounts  of  constituents  stored  up  in  the  fattening  increase  of 
an  ox  with  the  amounts  of  the  same  constituents  removed  in 
the  milk  of  a  cow,  we  must  assume  a  wide  range  of  difference  in 
the  yield  of  milk. 

Accordingly,  Table  VIII.  shows — the  amounts  of  nitro- 
genous substance,  of  fat,  of  non-nitrogenous  substance  not  fat, 
of  mineral  matter,  and  of  total  solid  matter,  carried  off  in  the 
weekly  yield  of  milk  of  a  cow,  on  the  alternative  assumptions 
of  a  produce  of —  4,  6,  8,  10,  12,  14,  16,  18,  or  20  quarts  per 
head  per  day  ;  and,  for  comparison,  there  is  given  at  the  bottom 
of  the  table  the  amounts  of  nitrogenous  substance,  of  fat,  of 
mineral  matter,  and  of  total  solid  matter,  in  the  weekly  increase 
in  live-weight  of  a  fattening  ox,  of  an  average  weight  of  1,000  lb. 
— first  on  the  assumption  of  a  weekly  increase  of  10  lb.,  and 
secondly  of  15  lb. 

The  estimates  of  the  amounts  of  constituents  in  the  milk 
are  based  on  the  assumption  that  it  will  contain — 12*5  per  cent, 
of  total  solids,  consisting  of  3*65  albuminoids,  3*50  butter-fat, 
4-60  sugar,  and  0*75  of  mineral  matter.  The  estimates  of  the 
constituents  in  the  fattening  increase  of  oxen  are  founded  on 
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the  determinationB  at  Rothamsted  of  sach  increase  as  already 
described. 

Table  VIII. — Comparison  of  the  Constituents  of  Food  carried 
off  in  Milkf  and  in  the  Fattening  Increase  of  Oxen, 
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Referring  to  the  very  wide  range  of  yield  of  milk  per  head 
per  day  which  the  figures  in  the  table  assume,  it  may  be  re- 
marked that  it  is  by  no  means  impossible  that  the  same  animal 
might  yield  the  largest  amount — namely,  20  quarts,  or  5  gallons, 
per  day  near  the  beginning,  and  only  4  quarts,  or  1  gallon,  or 
even  less,  towards  the  end  of  her  period  of  lactation.  At  the 
same  time,  an  entire  herd  of,  say,  Shorthorns  or  Ayrshires,  of 
fairly  average  quality,  well  fed,  and  including  animals  at  various 
periods  of  lactation,  should  not  yield  an  average  of  less  than  8 
quarts,  or  2  gallons,  and  would  seldom  exceed  10  quarts,  or  2^ 
gallons,  per  head  per  day,  the  year  round. 

For  the  sake  of  illustration,  then,  let  us  assume  an  average 
yield  of  milk  of  10  quarts,  equal  2^  gallons,  or  between  25  and 
26  lb.  per  head  per  day  ;  and  let  us  compare  the  amount  of  con- 
stituents in  the  weekly  yield  at  this  rate,  with  that  in  the 
weekly  increase  of  the  fattening  ox  at  the  higher  rate  assumed 
in  the  table — namely,  15  lb.  per  1,000  live-weight,  or  1*5 
per  cent,  per  week. 

Thus,  whilst  of  the  nitrogenous  substance  of  the  food  the 
amount  stored  up  in  the  fattening  increase  of  an  ox  will  be 
only  1-13  lb.,  the  amount  carried  off  as  such  in  the  milk  would 
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bd  6'6  lb.,  or  nearly  six  times  as  much.  Of  mineral  matter, 
again,  whilst  the  fattening  increase  would  only  require  about 
0-22  lb.,  the  milk  would  carry  oflF  1*35  lb.,  or  again  about  six 
times  as  much.  Of  fat,  however,  whilst  the  fattening  increase 
would  contain  9*53  lb.,  the  milk  would  contain  only  6*33  lb.,  or 
only  about  two-thirds  as  much.  On  the  other  hand,  whilst  the 
fattening  increase  contains  no  other  non-nitrogenous  substance 
than  fat,  the  milk  woald  carry  off  8*32  lb.  in  tiie  form  of  milk- 
su^r.  It  may  be  observed,  that  this  amount  of  milk-sugar 
reckoned  as  fat  would  correspond  approximately  to  the  differ- 
ence between  the  fat  in  the  milk  and  that  in  the  fattening  in- 
crease. 

Prom  the  foregoing  comparison,  it  is  evident  that  the  drain 
upon  the  food  is  very  much  greater  for  the  production  of  milk 
than  for  that  of  meat.     This  is  especially  the  case  in  the  im- 
portant item  of  nitrogenous  substance  ;  and  if,  as  is  frequently 
assumed,  the   butter-fat  of  the   milk  is,  at   any  rate,  largely 
derived  from  the  nitrogenous  substance  of  the  food,  so  far  as  it 
is  so,  at  least  about  two  parts  of  such  substance  would  be  required 
to  produce  one  of  fat.     On  such  an  assumption,  therefore,  the 
drain  upon  the  nitrogenous  substance  of  the  food  would  be  very 
much  greater  than  that  indicated  in  the  table  as  existing  as 
nitrogenous  substance  in  the  milk.     To  this  point  further  refer- 
ence will  be  made  presently. 

We  will  next  call  attention  to  the  amounts  of  food,  and  of 
certain  of  its  constituents,  consumed  for  the  production  of  a 
given  amount  of  milk.  This  point  is  illustrated  in  Table  IX., 
which  shows  the  constituents  consumed  per  1,000  lb.  live- weight 
per  day,  in  the  case  of  the  Eothamsted  herd,  then  of  30  cows, 
in  the  spring  of  1884. 

On  the  lefl  hand  are  shown  the  actual  amounts  of  the 
different  foods  consumed  per  1,000  lb.  live-weight  per  day; 
and  in  the  respective  columns  are  recorded — first  the  amounts 
of  total  dry  substance  which  the  foods  contained,  and  then  the 
amounts  of  digestible  nitrogenous,  digestible  non-nitrogenous 
(reckoned  as  starch),  and  digestible  total  organic  substance, 
which  the  different  foods  would  supply ;  these  being  calculated 
according  to  our  own  estimates  of  the  percentage  composition 
of  the  foods,  and  to  Wolff's  estimates  of  the  proportion  of  the 
several  constituents  which  would  be  digestible. 

The  first  column  shows  that  the  amount  of  total  dry  sub- 
stance of  food  actually  consumed  by  the  herd,  per  1,000  lb.  live- 
weight  per  day,  was  scarcely  20  lb.,  whilst  Wolff's  '   estimated 
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stance  in  the  production  of  milk  is  only  in  the  formation 
of  the  nitrogenous  substances  of  the  milk,  there  would  appear 
to  have  been  a  considerable  excess  given  in  the  food. 

But  Wolff's  estimate  assumes  no  excess  of  supply,  and 
that  the  whole  is  utilised  ;  the  fact  being  that  he  supposes  the 
butter-fat  of  the  milk  to  have  been  derived  largely,  if  not 
wholly,  from  the  albuminoids  of  the  food. 

It  has  been  shown,  that  although  it  is  possible  that  some  of 
the  fat  of  a  fattening  animal  may  be  produced  from  the  albu- 
minoids of  the  food,  certainly  the  greater  part  of  it,  if  not  the 
whole,  is  derived  from  the  carbohydrates.  But  the  physiologi- 
cal conditions  of  the  production  of  milk  are  so  different  from 
those  for  the  production  of  fattening  increase,  that  it  is  not 
admissible  to  judge  of  the  sources  of  the  fat  of  the  one  from 
what  may  be  established  in  regard  to  the  other.  It  has  been 
assumed,  however,  by  those  who  maintain  that  the  fat  of 
the  fattening  animal  is  formed  from  albuminoids,  that  the  fat 
of  milk  must  be  formed  in  the  same  way.  Disallowing  the 
legitimacy  of  such  a  deduction,  there  do,  nevertheless,  seem  to  be 
reasons  for  supposing  that  the  fat  of  milk  may,  at  any  rate  in 
large  proportion,  be  derived  from  albuminoids. 

Thus,  as  compared  with  fattening  increase,  which  may  in  a 
sense  be  said  to  be  little  more  than  an  accumulation  of  reserve 
material  from  excess  of  food,  milk  is  a  special  product,  of  a 
special  gland,  for  a  special  normal  exigency  of  the  animal. 
Further,  whilst  common  experience  shows  that  the  herbivorous 
animal  becomes  the  more  fat,  the  more,  within  certain  limits,  its 
food  is  rich  in  carbohydrates,  it  points  to  the  conclusion  that 
both  the  yield  of  milk,  and  its  richness  in  butter,  are  more 
connected  with  a  liberal  supply  of  the  nitrogenous  constituents 
in  the  food.  Obviously,  so  far  as  this  is  the  case,  it  may  be 
only  that  thereby  more  active  change  in  the  system,  and 
therefore  greater  activity  of  the  special  function,  is  maintained. 
The  evidence  at  command  is  at  any  rate  not  inconsistent  with 
the  supposition  that  a  good  deal  of  the  fat  of  milk  may  have  its 
source  in  the  breaking  up  of  albuminoids,  but  direct  evidence 
on  the  point  is  still  wanting ;  and,  supposing  such  breaking  up 
to  take  place  in  the  gland,  the  question  arises — What  becomes  of 
the  by-products  ?  Assuming,  however,  that  such  change  does 
take  place,  the  amount  of  nitrogenous  substance  supplied  to 
the  Rothamsted  cows  would  be  less  in  excess  of  the  direct 
requirement  for  milk-production  than  the  figures  in  the  table 
would  indicate — if,  indeed,  in  excess  at  all. 

The  figures  in  the  column  relating  to  the  estimated  amount 
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of  digestible  non-nitrogenous  substance  reckoned  as  starch,  show 
that  the  quantity  actually  consumed  was  11*71  lb.,  whilst  the 
amount  estimated  by  Wolff  to  be  required  was  12-5  lb., 
besides  0'4  lb.  of  fat.  The  figures  further  show  that, 
deducting  7'4  lb.  for  sustenance  from  the  quantity  actually 
consumed,  there  would  remain  4*31  lb.  available  for  milk-pro- 
duction, whilst  only  about  3*02  lb.  would  be  required  supposing 
that  both  the  fat  of  the  milk  and  the  sugar  had  been  derived 
from  the  carbohydrates  of  the  food ;  and,  according  to  this 
calculation,  there  would  still  be  an  excess  in  the  daily  food 
of  1-29  lb. 

It  is  to  be  borne  in  mind,  however,  that  estimates  of  the 
requirement  for  mere  sustenance  are  mainly  founded  on  the 
results  of  experiments  in  which  the  animals  are  allowed  only 
such  a  limited  amount  of  food  as  will  maintain  them  without 
either  loss  or  gain  when  at  rest.  But  physiological  con- 
siderations point  to  the  conclusion  that  the  expenditure,  inde- 
pendently of  loss  or  gain,  will  be  the  greater  the  more  liberal 
the  ration ;  and  hence  it  is  probable  that  the  real  excess, 
if  any,  over  that  required  for  sustenance  and  milk-production 
would  be  less  than  that  indicated  in  the  table,  which  is  calcu- 
lated on  the  assumption  of  a  fixed  requirement  for  sustenance 
for  a  given  live-weight  of  the  animal. 

Supposing  that  there  really  was  any  material  excess  of 
either  the  nitrogenous  or  the  non-nitrogenous  constituents 
supplied  over  the  requirement  for  sustenance  and  milk-pro- 
duction, the  question  arises — whether,  or  to  what  extent,  it 
conduced  to  increase  in  live-weight  of  the  animals,  or 
whether  it  was  in  part  or  wholly  voided,  and  so  wasted  ? 

It  would  obviously  be  of  interest  to  trace  the  connexion 
between  variation  in  the  quantity  and  composition  of  the  food, 
and  the  quantity  and  composition  of  the  milk  yielded.  But 
when  the  influence  on  the  result  of  breed,  of  varying 
character  of  individual  animals,  of  period  of  lactation,  and  of 
other  circumstances,  is  borne  in  mind,  it  will  be  seen  that  to 
treat  the  subject  at  all  adequately  would  involve  a  gi*eat  deal  of 
detailed  illustration  and  consideration,  and  occupy  very  mndi 
more  space  than  could  appropriately  be  devoted  to  it  in  this 
place.  We  must,  indeed,  limit  further  reference  to  the  subject  of 
milk-production  to  one  more  illustration,  showing  the  influence 
of  period  of  the  year,  with  its  characteristic  changes  of  food,  on 
the  quantity  and  composition  of  the  milk. 

The  first  column  of  the  second  division  of  Table  X. 
shows  the  average  yield  of  milk  per  head  per  day  of  the 
Rothamsted  herd,  averaging  about  42  cows,  almost  exclusively 
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Shorthorns,  in  each  month  of  the  year,  over  six  years,  1884- 
1889  inclasive ;  and  the  succeeding  columns  show  the  amounts 
of  butter-fat,  of  solids  not  fat,  and  of  total  solids,  in  the  average 
yield  per  head  per  day  in  each  month  of  the  year,  calculated, 
not  according  to  direct  analytical  determinations  made  at 
Rothamsted,  but  according  to  the  results  of  more  than  14,000 
analyses  made,  under  the  superintendence  of  Dr.  Vieth,  in 
the  laboratory  of  the  Aylesbury  Dairy  Company,  in  1884 ;  * 
the  samples  analysed  representing  the  milk  from  a  great  many 
different  farms  in  each  month. 

Tablr  X. — Percentage  Composition  of  MUk  each  Month  of  the  Year  ; 
also  Average  Yield  of  Milk^  and  of  Constituents^  per  Head  per 
Dat/,  each  Month,  according  to  Rothamsted  Dairy  Records, 


Average  oompoaition  of  milk 

Bothamsted  Dairy 

each  month,  1884 
(Dr.  Yieth— 14^36  analyses) 

1 

Average 

1    Estimated  qnai 
constituents  in 

itity  of 

milk 

Per  cent. 

yield 

per  head  per  day 

Specific 
gravity 

,  of  milk 
per  head 
per  day, 

each  mont 

h 

Butter- 

Solidfl     Total   : 

1 

fat 

not  fat 

1 

solids 

1 

6  years 

Butter-    Solids 
fat      1  not  fat 

ToUl 
soUda 

Per 

Per 

Per 

1 

1 

i 

cent. 

cent.    '    cent. 

lb. 

lb. 

lb. 

lb. 

January    . 

10325 

365 

9-34     12-89 

1  20-31' 

0-72 

1-90 

2-62 

February 

10326 

3-53 

9-24 

12-77 

;  22-81 

O80      211 

2-91 

March 

1-0323 

3-60 

9-22     12-72 

2419 

0-85      2-23 

3-08 

April 

10323 

343 

922     12-65 

26-50 

0-91       2-44 

3-35 

May . 

10324 

3-34 

9-30     12-64 

31-31 

1-06       2-91 

3*96 

June 

10323 

331 

919     12-50 

30-81 

1-02 

283 

386 

July . 

10319 

3-47 

913     12-60  ■ 

2800 

0-97 

2  56 

3-53 

August 

10318 

3-87 

908     12-95  ' 

2600 

0-97 

227 

3-24 

September 

10321 

411 

917     13-28 

22  94 

0-94 

2-11 

3-06 

October    . 

10324 

4-26  , 

9-27  '  13  53  ' 

2100 

0-89 

1-95 

2-84 

November 

10324 

4-36 

9-29     13-65 

19-19 

0-84 

1-78 

2-62 

December 

10326 

410 

9-29  I  13-39 

1 

19-31  i 

1 

0-79 

1-79 

2-58 

Mean  . 

10323 

3-74 

922     1296 

24-28 

0-90 

2-24 

314 

^  Average  over  5  years  only,  as  the  records  did  not  commence  until  February  1884. 

It  should  be  stated  that  the  Rothamsted  cows  had  cake 
throughout  the  year ;  at  first  4  lb.  per  head  per  day,  but  after- 
wards graduated  according  to  the  yield  of  milk,  on  the  basis  of 
4  lb.  for  a  yield  of  28  lb.  of  milk,  the  result  being  that  then  the 
amount  given  averaged  more  per  head  per  day  during  the 
grazing  period,  but  less  earlier  and  later  in  the  year.  Bran, 
hay  and  straw-chaff,  and  roots  (generally  mangel),  were  also 
given  when  the  animals  were  not  turned  out  to  grass.     The 


>  The  Analyit,  April,  1886,  vol.  x  ,  p.  67. 
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general  plan  was,  therefore,  to  give  cake  alone  in  addition  when 
the  cows  were  turned  oat  to  grass,  but  some  other  dry  food,  and 
roots,  when  entirely  in  the  shed  during  the  winter  and  early 
spring  months. 

Referring  to  the  column  showing  the  average  yield  of  milk 
per  head  per  day  each  month  over  the  six  years,  it  will  be  seen 
that  during  the  six  months — January,  February,  September, 
October,  November,  and  December — the  average  yield  was 
sometimes  below  20  lb.,  and  on  the  average  only  about  21  lb. 
of  milk  per  head  per  day ;  whilst  over  the  other  six  months  it 
averaged  27*63  lb.,  and  over  May  and  June  more  than  31  lb., 
per  head  per  day.  That  is  to  say,  the  quantity  of  milk  yielded 
was  considerably  greater  during  the  grazing  period  than  when 
the  animals  had  more  dry  food,  and  roots  instead  of  grass. 

Next,  referring  to  the  particulars  of  composition,  according 
to  Dr.  Vieth's  results,  which  may  well  be  considered  as  typicid 
for  the  different  periods  of  the  year,  it  is  seen  that  the  specific 
gravity  of  the  milk  was  only  average,  or  lower  than  average, 
during  the  grazing  period,  but  rather  higher  in  the  earlier  and 
later  months  of  the  year.  The  percentage  of  total  solids  was 
rather  lower  than  the  average  at  the  beginning  of  the  year, 
lowest  during  the  chief  grazing  months,  but  considerably  h^her 
in  the  later  months  of  the  year,  when  the  animals  were  kept  in 
the  shed,  and  received  more  dry  food.  The  percentage  of  butter- 
fat  follows  very  closely  that  of  the  total  solids,  being  the  lowest 
during  the  best  grazing  months,  but  considerably  higher  than 
the  average  during  the  last  four  or  five  months  of  the  year,  when 
more  dry  food  was  given.  The  percentage  of  solids  not  fat  was 
considerably  the  lowest  during  the  later  months  of  the  grazing 
period,  but  average,  or  higher  than  average,  during  the  earlier 
and  later  months  of  the  year. 

It  may  be  observed  that,  according  to  the  average  percent- 
ages given  in  the  table,  a  gallon  of  milk  will  contain  more  of 
both  total  solids  and  of  butter-fat  in  the  later  months  of  the 
year  ;  that  is,  when  there  is  less  grass  and  more  dry  food  given. 

Turning  now  to  the  last  three  colunms  of  the  table,  it  is 
seen  that  although,  as  has  been  shown,  the  percentage  of  the 
several  constituents  in  the  milk  is  lower  during  the  grazing 
months,  the  actual  amounts  contained  in  the  quantity  of  milk 
yielded  per  head  are  distinctly  greater  during  those  months. 
Thus,  the  amount  of  butter-fat  yielded  per  head  per  day  is  above 
the  average  of  the  year  from  April  to  September  inclusive ;  the 
amounts  of  solids  not  fat  are  over  average  from  April  to  August 
inclusive ;  and  the  amounts  of  total  solids  yielded  are  average 
or  over  average  from  April  to  August  inclusive. 
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From  the  foregoing  results,  it  cannot  be  doubted  that  the 
quantity  of  milk  yielded  per  head  is  very  much  the  greater 
during  the  grazing  months  of  the  year ;  but  that  the  percentage 
composition  of  the  milk  is  lower  during  that  period  of  higher 
yield,  and  considerably  higher  during  the  months  of  more 
exclusively  dry-food  feeding.  Nevertheless,  owing  to  the  much 
greater  quantity  of  milk  yielded  during  the  grazing  months, 
the  actual  quantity  of  constituents  yielded  per  cow  is  greater 
during  those  months  than  during  the  months  of  higher  percent- 
age composition,  but  lower  yield  of  milk  per  head.  It  may  be 
added,  that  a  careful  consideration  of  the  number  of  newly 
calved  cows  brought  into  the  herd  each  month,  shows  that 
the  results  as  above  stated  were  perfectly  distinct,  independently 
of  any  influence  of  the  period  of  lactation  of  the  different 
individuals  of  the  herd. 

The  few  results  which  have  been  brought  forward  in  rela- 
tion to  milk'prodtiction  are  admittedly  quite  insuflBcient  ade- 
quately to  illustrate  the  influence  of  variation  in  the  quantity 
and  composition  of  the  food  on  the  quantity  and  composition 
of  the  milk  yielded.  Indeed,  owing  to  the  intrinsic  diflSculties 
of  experimenting  on  such  a  subject,  involving,  as  has  been 
pointed  out,  so  many  elements  of  variation  beside  those  which 
it  is  sought  to  investigate,  any  results  obtained  have  to  be 
interpreted  with  much  care  and  reservation.  Nevertheless, 
exercising  such  care  and  reservation  in  regard  to  the 
numerous  results  of  ourselves  and  others  which  are  at  command, 
it  may  be  taken  as  clearly  indicated  that,  within  certain  limits, 
high  feeding,  and  especially  high  nitrogenous  feeding,  does 
increase  both  the  yield  and  the  richness  of  the  milk.  But  it  is 
evident  that,  when  high  feeding  is  pushed  beyond  a  com- 
paratively limited  range,  the  tendency  is  to  increase  the  weight 
of  the  animal ;  that  is,  to  favour  the  development  of  the  indi- 
vidual, rather  than  to  enhance  the  activity  of  the  functions 
connected  with  the  reproductive  system.  TTiis  is,  of  course,  a 
disadvantage  when  the  object  is  to  maintain  the  milk-yielding 
condition  of  the  animal ;  but  when  a  cow  is  to  be  fattened  off  it 
will  be  otherwise. 

It  has  been  stated  that,  early  in  the  period  of  six  years  in 
which  the  Rothamsted  results  that  have  been  quoted  were 
obtained,  the  amount  of  oil-cake  given  was  graduated  according 
to  the  yield  of  milk  of  each  individual  cow  ;  as  it  seemed  un- 
reasonable that  an  animal  yielding,  say,  only  4  quarts  per  head 
per  day,  should  receive,  beside  the  home  foods,  as  much  cake 
as  one  yielding  several  times  as  much.  The  obvious  supposition 
is,  that  any  excess  of  food  beyond  that  required  for  sustenance 
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and  milk-prodaction  would  tend  to  increase  the  weight  of  the 
animal,  which,  according  to  the  circnmstances,  may  or  may  not 
be  desirable.  But  there  remains  the  important  question — 
whether  the  period  of  lactation  is  lengthened,  or  the  yield  of  the 
higher  yielding  cows  is  maintained  the  longer,  by  an  increased 
amount  of  food  ?  or  whether,  on  the  other  hand,  the  period  of 
lactation,  or  the  yield  of  milk,  is  reduced  by  the  limitation  of 
the  supply  of  food  ?  The  point  is  at  any  rate  deserving  of 
careful  experiment  and  observation. 

It  may  be  observed  that  direct  experiments  at  Rothamsted 
confirm  the  view,  arrived  at  by  common  experience,  that  roots, 
and  especially  mangel,  have  a  favourable  effect  on  the  flow  of 
milk.  Further,  the  Rothamsted  experiments  have  shown,  that 
a  higher  percentage  of  butter-fat,  of  other  solids,  and  of  total 
solids,  was  obtained  with  mangel  than  with  silage  as  the 
succulent  food.  The  yield  of  milk  was,  however,  in  a  much 
greater  degree  increased  by  grazing  than  by  any  other  change 
in  the  food ;  and  with  us,  at  any  rate,  the  influence  of  roots 
comes  next  in  order  to  that  of  grass,  though  far  behind  it,  in 
this  respect.  But  with  grazing,  as  has  been  shown,  the  per- 
centage composition  of  the  milk  is  considerably  reduced ;  though, 
owing  to  the  greatly  increased  quantity  yielded,  the  amount  of 
constituents  removed  in  the  milk  whilst  grazing  may,  neverthe- 
less, be  greater  per  head  per  day  than  under  any  other  condi- 
tions. 

Lastly,  it  has  been  clearly  illustrated  how  very  much 
greater  is  the  demand  upon  the  food,  especially  for  nitrogenous 
and  for  mineral  constituents,  in  the  production  of  milk  than  in 
that  of  fattening  increase. 

Food  and  Manure. 

At  the  commencement  of  this  paper  it  was  shown,  by  refer- 
ence to  a  special  example,  how  large  was  the  proportion  of  the 
constituents  of  the  crops  grown  in  a  rotation  which  was  retained 
on  the  farm  for  further  use — in  fact,  for  consumption  by  animals, 
or  for  litter.  It  was  shown  that,  in  the  case  selected  for  illus- 
tration, there  would  be  so  retained  on  the  farm  for  such  further 
use  more  than  two- thirds  of  the  total  vegetable  substance  grown, 
more  than  half  of  the  nitrogen  of  the  crops,  and  about  six- 
sevenths  of  the  total  mineral  matter ;  whilst,  of  the  individual 
mineral  constituents  of  the  crops,  less  than  half  of  the  phosphoric 
acid  but  about  four-fifths  of  the  potash,  would  be  retained. 

Of  course,  in  the  very  varied  practice  of  Agriculture  at  the 
present  day  there  will  sometimes   be   larger,   and  sometimes 
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smaller,  proportions  of  the  various  constituents  of  the  crops  at 
once  sold  off,  or  retained  on  the  farm ;  but  the  example  given  may 
be  taken  as  essentially  typical,  and  as  so  far  conveying  a  very 
useful  impression  on  ^e  subject.  But,  besides  the  constituents 
of  the  home-grown  rotation  crops  retained  upon  the  farm  for 
food  and  litter,  there  will  be  more  or  less  produce  from  grass 
land,  whilst  modem  practices  frequently  involve  the  purchase  of 
a  considerable  quantity  of  imported  food-stuffs. 

Results  relating  to  the  feeding  of  animals  for  the  production 
of  meat,  and  of  milk,  have  been  considered ;  and  we  have  now  to 
discuss  the  subject  of  feeding  as  a  source  of  manure.  Numerous 
Bothamsted  experiments  have  shown  how  small  is  the  propor- 
tion of  the  various  constituents  consumed  in  food  by  fattening, 
or  even  by  growing  animals,  which  is  stored  up  in  their  increase, 
and  which  will  therefore  be  lost  to  the  manure.  In  the  pro- 
duction of  milk,  however,  it  has  been  seen  that  the  loss  to  the 
manure  is  very  much  greater. 

Of  the  mineral  matters  of  the  food,  we  know  that  there  need 
be  no  loss  to  the  manure  beyond  that  carried  off  in  the  animal 
increase  or  in  milk.  Of  the  non-nitrogenous  organic  substance  of 
the  food,  a  very  large  proportion  is  lost  by  the  respiration  of 
the  animals,  and  a  not  inconsiderable  quantity  contributes  to 
the  animal  increase  or  milk ;  and  what  remains  for  manure,  is  of 
no  material  value  as  a  direct  supply  of  constituents,  and  of  com- 
paratively little  by  the  action  of  its  products  of  decomposition 
within  the  soil.  Indeed,  the  most  important  point  to  consider  is 
— What  proportion  of  the  nitrogen  of  the  food  remains  for  manure  ? 
As  has  been  shown,  and  as  will  be  further  illustrated  presently, 
only  a  comparatively  small  proportion  is  carried  off  in  animal 
increase ;  but  a  much  larger  amount  is  lost  to  the  manure  in  the 
production  of  milk.  But  the  further  questions  arise — Is  there 
any,  so  to  speak,  vital  exhalation  of  nitrogen,  or  of  any  com- 
pounds of  it,  by  the  animal  ?  Or,  may  we  estimate  that  the  whole 
of  that  consumed  which  is  not  carried  off  in  the  animal  increase, 
or  in  milk,  will  be  found  in  the  solid  and  liquid  dejections,  and 
so  remain  for  manure  ?  Or,  on  the  other  hand,  Is  there  any 
assimilation  by  the  animal  of  the  free  nitrogen  of  the  atmo- 
sphere? The  further  practical  question  still  remains— Is  there 
any  material  loss  of  nitrogen  after  the  solid  and  liquid  excre- 
tions leave  the  body,  and  before  their  utilisation  within  the  soil 
for  the  production  of  future  crops  ? 

First  then,  Is  there  any  vital  exhalation  by  the  animal  of 
nitrogen  or  of  any  of  its  compounds  ? 

Obviously,  this  is  a  question  which  could  not  be  experi- 
mentally investigated  before  definite  knowledge  was  attained  in 
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pronounced  in  the  experiments  with  fish.  The  question  arises, 
therefore,  whether  in  their  case  the  result  may  not  be  explained 
by  supposing  that  oxygen  has  been  absorbed  from  the  air  within 
the  body,  especially  in  the  swimming  bladder,  and  nitrogen 
stored  up  in  its  place,  under  the  conditions  of  limited  supply  of 
oxygen  from  external  sources  to  which  the  animals  have 
generally  been  subjected  during  experiment. 

Upon  the  whole  it  must  be  concluded  that,  from  a  variety 
of  causes,  connected  sometimes  with  the  conditions  under  which 
the  animals  were  placed  under  experiment,  sometimes  with  the 
circumstances  under  which  the  samples  assumed  to  represent 
the  inspired  and  expired  air  respectively  were  taken  for 
analysis,  and  sometimes  with  the  methods  of  analysis  themselves, 
the  results  of  the  experiments  on  respiration  which  have  been 
referred  to,  have  not  been  sufficiently  free  from  doubt  to  be 
accepted  as  establishing  so  important  a  conclusion  as  either 
the  assimilation  of  free  nitrogen  by  animals,  or  the  evolution  of 
it  from  its  compounds  within  the  body. 

The  next  point  to  consider  is — whether  there  is  any  loss  of 
ammonia,  or  of  other  compounds  of  nitrogen,  in  the  breath,  «r 
by  the  skin. 

Louis  Thompson,  Thiry,  Grouven,  and  others,  have  found 
some  emanation  of  ammonia ;  but  Lessen,  and  others,  consider  it 
doubtful  whether  the  ammonia  in  the  air  itself  might  not 
account  for  the  results. 

Various  experiments  have  been  made  to  determine  the  loss 
of  nitrogen  in  sweat.  In  the  sweat  of  man,  ammonia  and  urea 
have  been  found.  In  the  sweat  of  a  horse,  Grandean  and 
Leclerc^  found  ammonia,  urea,  and  albumin.  Professor  F. 
Smith,  of  Aldershot,^  has  also  examined  the  sweat  of  horses. 
Besides  various  inorganic  salts,  he  found  ammonia,  and  3*381 
per  cent,  of  albumin.  He  reckons  that  a  pint  of  sweat  will 
thus  contain  0*676  ounce  of  albumin,  and  that  this  amount 
would  be  equivalent  to  the  nitrogen  in  5|  ounces  of  oats.  He 
further  thinks  it  probable  that  the  reduction  of  sweating  by 
clipping  would,  with  hard  work,  be  equivalent  to  1  lb.  of  com 
per  day. 

It  seems  safe  to  conclude,  that  the  loss  of  combined  nitrogen 
by  gaseous  emanations  from  the  lungs  and  skin  is,  for  all 
practical  purposes,  quantitatively  immaterial.  The  sweat  would 
seem  to  be  a  more  important  source  of  loss  in  animals  submitted 
to  much  muscular  exercise.     But,  even  in  their  case,  it  does 

*  AmuUet  de  la  Science  offronomique,  5"*  ann6e,1888,  tome  ii.,  pp.  311-314. 
>  J0umal  qf  Phynology,  1890,  vol.  xi.  p.  497. 
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beneath.  They  were  watched  night  and  day,  and  the  voidings 
carefully  collected  as  soon  as  passed ;  which  conld  easily  be  done, 
as  the  animals  never  passed  either  fasces  or  nrine  without 
getting  op,  and  in  so  doing  rang  a  bell,  and  thas  attracted  the 
notice  of  the  attendant.  The  constituents  determined  were — in 
the  food  and  faeces,  dry  matter,  ash,  and  nitrogen ;  and  in  the 
urine,  dry  matter,  ash,  nitrogen,  and  urea.  In  preparing 
samples  of  fadces  or  of  urine  for  nitrogen  determinations,  a 
mixture  was  made  of  a  proportional  part  of  the  voiding  of  each 
twenty-four  hours,  and  oxalic  acid  added.  In  the  case  of  the 
fasces,  portions  of  the  acid  mixture  were  taken  for  the  determina- 
tion of  dry  matter ;  and  nitrogen  determinations  were  made  in  the 
partially  dried  substance,  and  calculated  up  to  the  fully  dried 
condition.  In  the  case  of  the  urine,  portions  of  the  acid 
mixture  were  fully  dried,  and  other  portions  partially  dried,  and 
then  mixed  with  about  half  the  weight  of  fully  dried  oak-dust, 
in  which  the  nitrogen  was  determined. 

Over  a  preliminary  period,  and  also  over  each  period  of 
exact  experiment,  one  animal  received  the  highly  nitrogenous 
lentil-meal,  and  the  other  the  low-in-nitrogen  barley-meal. 
In  each  case,  the  one  receiving  lentil-meal  consumed  more 
than  twice  as  much  nitrogen  in  food,  and  voided  more  than 
twice  as  much  in  the  solid  and  liquid  excrements. 

Notwithstanding  the  great  attention  paid  to  the  collection, 
the  sampling,  and  the  preparation  of  the  samples  of  the  excre- 
ments for  nitrogen  determinations,  as  above  described,  there 
was,  in  each  case,  a  considerable  amount  of  the  nitrogen  of 
the  food  unaccounted  for  in  that  estimated  in  the  increase,  and 
in  that  found  in  the  excrements.  There  was,  too,  a  much 
greater  loss  indicated  by  the  results  of  the  direct  nitrogen 
determinations  in  the  urine  dried  with  an  excess  of  oxalic  acid, 
than  when  the  nitrogen  was  calculated  from  the  amount  of  urea 
found  daily  in  the  fresh  urine.  As,  however,  nitrogen  deter- 
minations (by  soda-lime  and  platinum  salt)  were  made  by  two 
analysts,  whose  results  agreed  very  fairly,  it  may  be  concluded 
that  the  loss  was  connected  with  the  methods  of  collection, 
sampling,  and  preparation  for  analysis,  rather  than  with  those 
of  the  analysis ;  and  it  is  probable  that  the  same  remark  applies 
to  the  results  obtained  with  the  faeces.  In  illustration  of  the 
range  of  loss  of  nitrogen  indicated,  it  may  be  stated  that  when 
the  nitrogen  in  the  urine  was  reckoned  from  the  amount  of 
urea,  the  loss  ranged  in  the  four  experiments  between  20  and 
30  per  cent,  of  that  in  the  food,  and  when  by  direct  nitrogen 
determinations  in  urine,  as  well  as  in  faeces,  from  under  to  over 
40  per  cent.     However,  in  the  case  of  each  food,  whether  the 
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nitrogen  in  the  urine  was  determined,  or  calculated  from  the 
urea,  there  was  considerably  less  loss  indicated  over  the  ten-day 
than  over  the  shorter  three-day  periods ;  again  connecting  the 
error  with  the  collection,  samplii]^,  and  preparation,  rather  than 
with  the  analysis. 

In  view  of  these  unsatisfactory  results,  and  of  the  evidence 
that  much,  at  any  rate,  of  the  loss  was  probably  due  to  experi- 
mental difficulties  and  errors,  the  subject  was  taken  up  again 
in  1862.  The  pigs  were  kept  in  frames  as  before,  and  the 
voidings  were  collected  in  the  same  way ;  but  they  were  sampled 
morning  and  evening,  instead  of  only  once  in  the  twenty-four 
hours,  as  in  1854.  Advantage  was  also  taken  of  the  previous 
experience  in  regard  to  various  other  points  of  manipulation. 
Lastly,  the  direct  nitrogen  determinations  were  made  by  soda- 
lime  as  before,  but  with  titration  instead  of  platinum  salt. 

Two  animals  were  experimented  upon,  each  for  a  period 
of  ten  days,  and,  after  an  interval  of  a  few  weeks,  for  five  days 
more,  l^e  food  of  one  consisted  of  three  parts  bean-meal  and 
one  part  bran,  and  of  the  other  of  three  parts  barley-meal  and 
one  part  bran. 

In  the  case  of  the  pig  having  the  highly  nitrogenous  bean- 
meal  and  bran,  the  nitrogen  balimce  for  the  ten  days  showed  a 
gain  of  4*04  per  cent,  when  direct  nitrogen  determinations  were 
made  in  the  urine,  and  of  only  2*32  per  cent,  when  the  nitrogen 
in  the  urine  was  calculated  from  the  amount  of  urea.  On  the 
other  hand,  over  the  five-day  period  there  was  a  loss  indicated 
of  3*35  per  cent,  with  the  direct  nitrogen  determinations  in  the 
urine,  and  of  only  1*61  per  cent,  when  the  nitrogen  was 
calculated  from  urea.  In  the  latter  case,  therefore,  the  amount 
of  nitrogen  accounted  for  was  again  less  with  direct  determina- 
tion than  by  calculation  from  urea. 

In  the  case  of  the  pig  having  the  low-in-nitrogen  barley- 
meal,  and  bran,  there  was,  over  the  ten-day  period,  a  lose  ini- 
cated  of  7*16  per  cent,  of  nitrogen  with  direct  determination, 
and  of  only  4'90  per  cent,  when  the  nitrogen  was  calculated 
from  the  urea.  In  this  case,  therefore,  there  was  again  less  loss 
of  nitrogen  by  calculation  from  urea  than  by  direct  determina- 
tion. Lastly,  over  the  five-day  period  there  was,  with  the 
barley-meal  and  bran,  a  gain  of  nitrogen  indicated  of  7*76  per 
cent,  with  direct  determination  of  nitrogen  in  the  urine,  and  of 
11  02  per  cent,  when  calculated  from  the  urea.  In  both  cases, 
therefore,  there  was  more  nitrogen  accounted  for  by  calculation 
from  urea  than  by  direct  determination. 

These  results  obtained  in  1862  show,  therefore,  with  the 
beans  and  bran,  a  slight  gain  over  the  ten  days,  and  a  slight 
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loss  over  the  five  days.  On  the  other  hand,  with  the  barley 
and  bran  there  was  a  comparatively  small  loss  over  the  ten  days, 
and  a  somewhat  greater  gain  over  the  five  days. 

When  the  fact  that  there  was  a  much  greater  variation  in 
the  amounts  of  the  daily  voidings  than  in  those  of  the  food 
daily  consumed,  and  also  the  uncertainty  in  the  estimation  of 
the  proper  increase  of  the  animals  over  short  periods  and  of  the 
nitrogen  in  it,  are  taken  into  account,  these  results  must  be 
admitted  to  afibrd  no  evidence  of  any  real  loss  to  the  manure  of 
the  nitrogen  of  the  food,  beyond  that  in  the  increase  and  in  the 
excrements. 

The  next  results  to  consider  were  obtained  at  Rothamsted 
in  1861,  with  sheep.  There  were  four  pens  with  five  sheep  in 
each.  Besides  the  determination  of  the  total  dry  matter,  ash, 
and  nitrogen,  in  the  food  and  in  the  excrements,  one  special 
object  was  to  determine  what  proportion  of  the  cellulose  of  the 
food  was  digested ;  and  whether  more  or  less  was  so  utilised 
according  to  the  character  of  the  foods  given  with  it.  Accord- 
ingly, foods  containing  a  comparatively  large  amount  of  cellulose 
were  selected,  as  under : — 

PsN  1.  Meadow-hay-chaff  alone,  ad  libitum, 
„    2.  1  lb.  of  ground  beans  per  head  per  day,  and  meadow-hay-chaff  ad 

libitum. 
„    8.  1  lb.  of  ground  barley  per  head  per  day,  and  meadow-hay-chaff  ad 

libitum 
„    4.  About  6^  oz.  of  ground  beans,  and  about  8^  oz.  of  linseed  oil,  per 

head  per  day,  and  meadow-hay-chaff  ad  libitum. 

In  Pen  4  the  object  was  to  give  an  amount  of  beans  con- 
taining the  same  quantity  of  nitrogen  as  the  barley  of  Pen  3, 
and  then  to  make  up  the  deficiency  of  starch  in  the  smaller 
quantity  of  beans  compared  with  that  in  the  barley  by  oil,  in 
the  proportion  of  1  part  of  oil  for  2^  parts  of  starch. 

With  a  view  to  die  careful  collection,  sampling,  and  analysis 
of  the  excrements,  the  sheep  were  kept  under  cover,  on  rafters, 
through  which  (but  with  some  loss)  the  solid  and  liquid  excreta 
passed  on  to  a  sheet-zinc  flooring,  at  such  an  incline  that  the 
liquid  drained  ofif  at  once  into  carboys  containing  oxalic  acid ; 
and  the  solid  matter  was  removed  two  or  three  times  daily,  and 
also  mixed  with  oxalic  acid. 

After  a  preliminary  period  of  eight  weeks  the  exact  feeding 
experiment  was  continued  for  thirty-two  weeks  more,  from 
January  25  to  September  6.  Commencing  on  March  26,  and 
ending  on  August  9,  samples  of  the  excrements  were  taken  at 
intervals,  in  each  case  for  several  consecutive  days,  namely, 
4,  5,  5,  7,  7,  7,  7,  7,  7  and  7  days;  and  the  results  here 
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given  are  the  means  of  the  seven  7-day  periods.  The  amounts 
of  nitrogen  so  indicated  to  be  not  recovered  in  either  the 
increase  or  in  the  excreted  matters  were,  in  the  four  pens, 
respectively  12*5,  25*4,  15*2,  and  17*7  per  cent,  of  the  nitrogen 
supplied  in  the  food.  It  is  to  be  observed  that  the  estimated 
loss  is  the  greatest  with  the  most,  and  the  least  with  the  least, 
nitrogen  in  the  food.  The  question  arises — whether  the  greater 
estimated  loss  is  connected  with  an  under- estimate  of  the 
nitrogen  in  the  increase  of  the  animals  feeding  on  the  more 
highly  nitrogenous  food,  or  with  an  actually  greater  loss  from 
decomposition  in  the  case  of  the  more  highly  nitrogenous 
excrements. 

In  1858,  Henneberg  ^  made  experiments  with  2  oxen,  each 
separately.     The  animals  were  kept  on  sustenance  food  only. 
After  a  preliminary  period  of  several  weeks,  there  were  three 
periods  of  more  exact  experiment — the  first  from  February  27  to 
March  27,  the  second  from  March  28  to  May  21,  and  the  third 
from  May  22  to  July  15 ;  and  during  3  days  towards  the  end  of 
each  of  these  periods  the  excrements  were  collected  and  ana- 
lysed.    Ox  No.   1  gained  6  lb.  during  the  three  days  of  the 
first  period,  1  lb.  during  those  of  the  second,  and  11  lb.  durins 
those  of  the  third.     The  percentage  of  the  nitrogen  of  the  food 
which  was  not  recovered  in  the  excrements  was,  for  the  respec- 
tive three-day  periods,  5*7,  28*8,  and  15*1,  or  an  average  of  16'5. 
Ox  No.  2  neither  gained  nor  lost  during  the  first  three-day  period, 
lost  3  lb.  during  the  second,  and  8  lb.  during  the  third  ;  and  the 
analyses  of  the  excrements  showed  a  gain  of  nitrogen  compared 
with  that  in  the  food  of  9*6  per  cent,  over  the  first  three  days,  a 
loss  of  24*7  per  cent,  over  the  second  three,  and  a  gain  of  63 
per  cent,  over  the  third.     That  is  to  say,  Ox  No.  1 ,  with  more  or 
less  gain  over  each  of  the  three-day  periods — which  may  perhaps 
be  interpreted  as  retention  in  the  alimentary  canal  or  bladder 
rather  than  increase  in  the  substance  of  the  body — showed  a 
considerable  deficit  of  nitrogen  in  the  excrements   compared 
with  that  in  the  food.     Ox  No.  2,  on  the  other  hand,  with  loss 
of  weight — which  probably  only  represented   more   complete 
evacuation  in  relation  to  the  food  consumed — indicated  more  of 
tendency  to  excess  of  nitrogen  in  the  excrements   compared 
with  that  in  the  food.     In  experiments  in  1860-61,  also  with 
two  bullocks,  Henneberg  found,  this  time  over  six-day  instead  of 
three-day  periods,  deficits  of  nitrogen  in  the  excrements  corre- 
sponding to  the  following  percentages  of  the  amounts  supplied  in 

*  Beitrdge  zvr  Begriindung  einer  rati^meUen  Fiitterung  der  WiederhMeft 
Heft  1, 1860. 
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the  food— 35,  37,  21,  12,  10,  0.  It  may  be  observed  that  the 
percentage  of  loss  was,  upon  the  whole,  the  greater  with  the 
larger  amounts  of  nitrogen  in  the  food.  Later  results  of 
Henneberg  will  be  referred  to  further  on. 

In  none  of  the  foregoing  experiments,  either  by  Boussingault, 
at  Rothamsted,  or  by  Henneberg,  was  any  litter  used,  the 
excrements  being  collected  and  analysed  by  themselves. 

In  1851  we  made  experiments  with  oxen,  at  Wobum  Park 
Farm,  by  the  permission  of  the  Duke  of  Bedford.  In  the 
experiment,  the  results  of  which  are  given  below,  there  were  five 
Herefords,  each  in  a  separate  box,  and  the  experimental  period 
extended  over  thirty-five  days.  Liberal  fattening  food  was  given, 
consisting  of  a  cooked  mixture  of  equal  parts  of  ground  oil- 
cake, barley,  and  beans,  besides  clover-hay-chaflF,  and  swedes. 
The  litter  consisted  of  wheat-straw;  and  an  absorbent,  com- 
posed of  2  parts  sawdust  and  1  part  sulphuric  acid,  was 
used ;  a  small  quantity  being  daily  sprinkled  over  the  manure 
in  the  boxes  just  before  spreading  the  fresh  litter.  At  the  end 
of  the  experiment  the  whole  of  the  dung  was  got  out,  put  into 
a  large  shed,  turned  over  by  men,  palled  to  pieces  by  boys,  and 
thoroughly  mixed ;  and  in  that  state  it  was  weighed,  and 
several  separate  100-lb.  samples  were  taken,  each  being  put  into 
a  clean  cask,  in  which  state  the  samples  were  sent  to  Bothamsted 
for  analysis.  In  the  preparation  for  analysis,  the  whole  of  the 
100-lb.  sample  was  coarsely  ground,  then  divided  into  portions, 
one  or  more  of  which  was  finely  ground  for  analysis,  and  in  the 
sample  so  prepared  the  nitrogen  was  determined  by  the  soda- 
lime  method.  It  was  so  determined  separately  in  samples  from 
two  of  the  100-lb.  casks.  Deducting  the  amount  of  nitrogen  in 
the  increase  (reckoning  it  to  contain  1*27  per  cent.),  there 
was  a  deficiency  of  nitrogen  in  the  dung,  compared  with  that  in 
the  food  and  litter — according  to  one  100-lb.  sample,  of  8*03, 
and  to  the  other,  or  duplicate  one,  of  1055  per  cent. 

Such,  then,  were  the  results  of  the  earlier  experiment's, 
made  by  various  investigators,  to  determine  whether  or  not 
there  was  any  loss  of  nitrogen  in  the  feeding  of  animals  beyond 
that  stored  up  in  their  increase.  It  will  be  observed  that,  with 
the  exception  of  the  turtle-doves  experimented  upon  by 
Boussingault,  all  the  other  results  were  obtained  with  the 
animals  of  the  farm ;  and  in  all  cases,  excepting  those  of  the 
experiments  at  Bothamsted  with  pigs  and  with  sheep,  and  at 
Wobum  with  oxen,  the  animals  were  assumed  to  be  fed  on  only 
sustenance  rations,  and  no  allowance  was  made  in  the  calcula- 
tions for  any  increase  or  loss  in  their  weight.  It  has  been  seen 
that,  in  every  case  excepting  in  the  experiment  with  Henne- 
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berg's  Ox  No.  2,  and  in  the  experiments  at  Rothamsted  with 
pigs  in  1862,  the  figures  indicate  a  notable,  and  in  some  a  very 
considerable,  loss  of  nitrogen ;  which,  assuming  it  to  be  not 
explained  by  storing  up  of  nitrogen  in  the  animal,  or  deficient 
evacuation,  might  be  supposed  to  point  to  a  probable  loss  by 
respiration,  or  perspiration,  or  both. 

From  a  study  in  much  detail  of  the  direct  experiments  on 
respiration  and  perspiration  which  have  been  referred  to,  we 
ourselves  have  been  disposed  to  conclude  that  there  was  no 
material  exhalation  of  either  free  nitrogen  or  of  its  com- 
pounds. Further,  notwithstanding  our  own  early  results 
with  pigs,  those  with  sheep,  and  those  at  Wobum  with  oxen, 
all  indicated  more  or  less — and  sometimes  a  considerable — loss, 
the  observations  made  during  the  conduct  of  the  investigations 
so  fully  impressed  us  with  the  liability  to  error,  especially  on 
the  side  of  loss;  that  we  have  always  considered  it  doubtfiil 
whether  there  was  in  reality  any  material  loss  at  all.  In  the 
first  place,  there  is  the  uncertainty  in  the  estimation  of  the 
changes  in  the  weight  of  the  body — whether  to  attribute  them 
to  increase  or  loss  of  its  fixed  substance,  or  to  excess  or  defici- 
ency in  the  evacuations  in  relation  to  the  food  consumed  within 
the  period  of  experiment;  and  there  are,  besides,  great  diflScnl- 
ties  to  be  overcome,  both  in  the  complete  collection,  the  proper 
sampling,  and  the  preparation,  without  change,  of  the  excreted 
matters ;  and  there  are  also  special  difficulties  in  the  adapta- 
tion of  analytical  methods  to  secure  exact  representative 
results.  Indeed,  most  of  the  results  so  far  quoted,  whether  of 
ourselves  or  others,  must  be  looked  upon  as  little  more  than 
pioneer;  though,  taken  as  such,  the  experience  gained  has 
proved  to  be  of  essential  value  in  directing  attention  to  the  difii- 
culties  and  sources  of  error  incident  to  such  work,  and  to  the 
improvement  in  methods  of  collection,  sampling,  preparation, 
and  analysis. 

For  ourselves,  being  satisfied  that  much,  if  not  the  whole,  of 
the  losses  that  had  been  indicated  was  to  be  explained  by  the 
methods  of  experimenting,  and  being  very  fully  occupied  with 
other  subjects,  we  decided,  after  our  experiments  with  pigs  in 
1862,  not  to  devote  the  very  great  amount  of  time  and  labour  that 
would  be  involved  in  the  repetition  of  the  investigation  with 
still  further  precautions. 

In  Germany,  however,  Henneberg  and  his  colleagues  (G. 
Ktihn,  H.  Schultze,  and  B.  Schultz),  at  Weende,  as  well  as  others, 
continued  to  work  on  the  subject  with  the  animals  of  the  fiswm. 
Henneberg  *    pointed   out   that   the    experiments   of  Bischofl 

>  Neue  Beitrdge,  Gottingen,  I.,  373-375.  1872. 
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and  Voit  with  dogs  in  1859,*  of  Ranke  with  man  in  1860-1,* 
of  Voit  with  pigeons  in  1860-2,'  and  of  Pettenkofer  and  Voit 
with  man,^  Glowed  almost  complete  re-appearance  of  the 
nitrogen  of  the  food  in  the  solid  and  liquid  excretions  ;  and,  if 
this  were  the  case  with  camivora  and  omnivora,  there  seemed 
no  reason  why  it  shoald  not  be  so  with  herbivora.  He  farther 
pointed  out  how  small  an  actual  loss  or  gain  in  the  determined 
amount  of  nitrogen  in  the  faeces  or  the  urine  might  make  a 
great  difference  in  the  balance;  and  he  admitted  that  more 
attention  than  had  hitherto  been  given  to  certain  points  must 
in  future  be  devoted;  as,  for  instance,  to  the  rinsing  and 
washing  of  the  stalls,  and  to  the  determination  of  the  dry 
matter  in  the  food,  faeces,  and  urine,  more  frequently,  and  uni- 
formly throughout  the  experimental  period. 

In  the  Weende  experiments  of  1865,  and  subsequently, 
more  attention  was  paid  to  such  points,  and  the  periods  of 
exact  experiment  were  longer.  There  was,  accordingly,  great 
improvement  in  the  results.  Thus,  in  a  series  of  8  experiments 
with  oxen,  in  5  with  only  sustenance  or  maintenance  rations, 
the  result  was  that,  in  three  of  them  the  percentage  deficit  of 
nitrogen  in  the  excrements  compared  with  that  in  tibe  food  was 
O-i,  2-7,  and  2-2 ;  whilst  in  the  other  two  there  was  a  gain 
representing  0-8  and  3*7  per  cent.  In  the  three  other  experi- 
ments, fattening  food  containing  about  twice  as  much  nitrogen 
was  given,  and  in  these  the  deficits  in  the  excrements  were  12*1, 
12-0,  and  17' 7  per  cent,  of  the  nitrogen  in  the  food.  Henne- 
berg  concluded  that,  with  only  sustenance  rations,  the  whole  of 
the  nitrogen  of  the  food  of  oxen  reappeared  in  the  excrements, 
and  that  it  was  no  longer  necessary  to  infer  from  the  results 
obtained  with  other  animals  what  would  take  place  with  rumi- 
nants. 

Henneberg  also  quotes  results  *  obtained  with  cows  by  Voit 
at  Munich,  by  G.  Kiihn  and  Fleischer  at  M6ckem,  and  by 
Fleischer  at  Hohenheim.  Voit's  results,  obtained  in  1867, 
showed  a  deficit  of  nitrogen  in  the  milk,  faeces,  and  urine, 
representing  1*2  per  cent,  of  that  in  the  food.  In  8  experi- 
ments made  at  M5ckem  in  1867-8  with  cows,  six  showed 
respectively  losses  corresponding  to  2-9,  11*1,  3*8,  5-6,  16*4, 
and  70  per  cent,  of  the  nitrogen  in  the  food ;  and  the  other 


*  DU  Oetetze  der  Emdhrung  des  Fleite^fresurtt  Leipzig,  1860. 

*  Archiv  far  anat.  phy».  vnd  wiMtensohq/tliche  Medicin,  Leipzig,  1862, 
311. 

>  Annalen,  II.  Suppl.  p.  238,  1862. 

*  ZeiU.  /.  Biol.,  II.  p.  469. 

»  Neue  Beitrdge,  Heft  I.,  p.  383, 1872. 
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two  showed  gains  corresponding  to  1-2  and  4-8  per  cent.  In 
the  case  of  the  larger  losses  more  nitrogen  was  consumed  in 
the  food,  and  the  animals  gained  in  weight,  and  presumably 
stored  up  nitrogen.  At  Hohenheim,  in  1870,  experiments  were 
made  by  Fleischer  with  two  cows,  one  of  which  showed  a  loss  of 
0*3,  and  the  other  a  gain  of  06,  per  cent,  of  nitrogen  compared 
with  that  in  the  food. 

Experiments  were  also  made  with  sheep,  by  Maercker  and 
E.  Schulze,  at  Weende,*  which  confirmed  the  conclusions  drawn 
firom  those  with  oxen  and  cows  as  above,  as  also  did  others 
made  by  Stohmann  with  goats  ^  at  the  Halle  experimental 
station. 

We  will  conclude  the  citation  of  experimental  evidence  on  the 
point  by  reference  to  some  of  the  results  obtained  by  Voit  from 
1859  to  1863  with  dogs.^  In  none  of  these  cases  was  the 
period  of  exact  experiment  less  than  6  days,  whilst  in  some  it 
was  12,  14,  20,  23,  49,  and  even  58  days.  In  8  out  of  the  11 
cases  there  was  an  excess  of  nitrogen  in  the  excrements  com- 
pared with  that  in  the  food,  representing  the  following  percent- 
ages of  gain  on  that  in  the  food— 1-0,  0  7,  04,  0*4,  0*6,  03, 
0-1,  and  01 ;  whilst  the  deficits  represented  1-4,  and  0*8  per 
cent.,  and  one  experiment  showed  neither  gain  nor  loss. 

Since  the  publication  of  the  various  results  above  quoted 
there  has  been  little  doubt  entertained  that,  not  only  in  the  case 
of  camivora  and  omnivora,  but  also  in  that  of  herbivora,  and 
even  of  ruminants,  practically  the  whole  of  the  nitrogen  of  the 
food  which  does  not  contribute  to  animal  increase  or  to  milk, 
reappears  in  the  excrements. 

In  our  estimates  of  the  value  of  the  manure  from  the  con- 
sumption of  difierent  foods  by  animals  on  the  farm,  so  far  as  the 
nitrogen  was  concerned,  we  many  years  ago  deducted  10  per 
cent,  from  the  amounts  consumed  in  oilcakes  and  leguminous 
seeds,  which  contain  high  percentages  of  nitrogen,  and  15  per 
cent,  from  the  amounts  in  the  foods  which  contain  lower  per- 
centages. These  deductions  were  reckoned  to  include  the 
amounts  of  nitrogen  actually  stored  up  in  the  increase  of  live- 
weight,  and  also  some  little  loss  if  any,  but  not  to  cover  the 
larger  losses  that  may  take  place  in  the  manure  after  it  is 
voided  by  the  animals.  More  recently,  however,  we  have  esti- 
mated the  amount  actually  stored  up  in  the  animal,  and  have 


*  Journ.f.  Landw.  1870  and  1871 ;  Arouiby,  Manual  of  Cattle-feeding,  Sid 
ed.,  1887,  pp.  99-100. 

«  ZeiU.f,  Biol.,  1870,  p  204;  Armsby,  he.  cit.,  pp.  100-101. 

*  Bischoff  and  Voit,  Die  Gesetze  der  ErrUthrtm^  des  Fleieok/reuert,  1860 ; 
and  WolflTs  Die  Emdhrung  d.  landw.  Nutzthiere,  1876. 
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assnmed  the  whole  of  the  remamder  to  be  voided  in  the  solid 
and  liquid  excretions. 

For  details  on  the  point  we  must  refer  to  our  most  recent 
paper  bearing  upon  the  subject,  entitled — On  the  Valuation  of 
Utiexhausted  Manures .^  The  calculations  relate  to  the  use  of 
food  for  the  production  of  fattening  increase.  It  is  assumed 
that,  on  the  average,  such  increase  will  contain  8  per  ceot.  of 
nitrogenous  substance,  corresponding  to  1*27  per  cent,  of  nitro- 
gen in  the  increase.  According  to  the  calculations  h  results 
that,  of  the  total  nitrogen  consumed  in  foods  rich  in  that  sub- 
stance, such  as  oilcakes  and  leguminous  seeds,  there  will  gene- 
rally be  less  than  5  per  cent,  retained  in  the  fattening  increase 
in  live- weight.  In  the  case  of  the  cereal  grains,  on  the  other 
hand,  which  are  much  less  rich  in  nitrogen,  a  much  larger  pro- 
portion of  the  total  amount  consumed  will  be  retained  in  the 
increase — generally  perhaps  about  10  per  cent,  of  it.  Of  the 
nitrogen  in  gramineous  straws  a  still  higher  proportion  will 
probably  be  devoted  to  increase ;  whilst  roots  will,  on  the  aver- 
age, lose  by  feeding  perhaps  only  about  5  or  6  per  cent,  of  their 
nitrogen. 

•Rius,  when  fattening  increase  only  is  produced,  the  propor- 
tion of  the  nitrogen  of  the  food  which  will  be  retained  by  the 
animal,  and  so  lost  to  the  manure,  is  very  small  in  the  case  of 
the  richer  foods,  but  more  in  that  of  the  poorer  ones  ;  though,  even 
with  them,  it  will  seldom  exceed  10  per  cent.,  except  possibly  in 
the  case  of  straws.  It  may  be  assumed,  however,  that  when  foods 
are  consumed  by  store  animals,  whose  increase  is  largely  growth, 
about  twice  as  much  of  the  nitrogen  of  the  food  is  retained,  and 
so  lost  to  the  manure.  And  when,  as  is  more  and  more  the 
case  with  early  maturity,  the  increase  comprises  a  larger  pro- 
portion of  growth  than  in  mere  fattening,  the  amount  of  the 
nitrogen  of  the  food  which  will  be  lost  to  the  manure  will  be 
more  than  with  fattening  only,  but  less  than  with  merely  store 
animals.  When,  however,  food  is  consumed  for  the  production 
of  milk,  a  very  much  greater  proportion  of  its  nitrogen  will  be 
lost  to  the  manure. 

Food  and  the  Exercise  of  Force. 

We  now  come  to  the  last  branch  of  our  subject,  namely — 
The  Feeding  of  Animals  for  the  Exercise  of  Force.  With  the  very 
limited  space  still  left  at  our  disposal,  we  will  commence  our 
historical  sketch  with  a  brief  account  of  the  views  of  Liebig  aa 

>  Journal,  RA.S.E.,  vol.  xxi.,  8.  S.,  Part  II.,  1886. 
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first  put  forward  in  1842,  in  his  work — On  Organic  GhenUsiry 
in  its  Applications  to  Physiology  and  Pathology.  There  is  indeed 
a  special  appropriateness  in  so  doing,  since  there  can  be  no  doabt 
that  the  course  of  subsequent  inquiry  and  discussion  has  been 
materially  influenced  by  the  opinions  he  then  enunciated. 

The  following  quotations  from  the  above-mentioned  work 
will  suffice  to  indicate  his  more  speciflc  views  in  regard  to  the 
connexion  between  food  requirements  and  the  exercise  of 
force : — 

*'  As  an  immediate  effect  of  the  manifestation  of  mechanical  force,  we 
see,  that  a  part  of  the  muscular  substance  loses  its  vital  properties,  its 
character  of  life ;  that  this  portion  separates  from  the  living  part,  and  loses 
its  capacity  of  growth  and  its  power  of  resistance.  We  nnd  that  this 
change  of  properties  is  accompanied  by  the  entrance  of  a  foreign  body  (oxy- 
gen) into  the  composition  of  the  muscular  fibre  ( iust  as  the  add  lost  its 
chemical  character  by  combining  with  zinc)  ;  and  all  experience  proves,  that 
this  conversion  of  living  muscular  fibre  into  compounds  destitute  of  vitality 
is  accelerated  or  retarded  according  to  the  amount  of  force  employed  to 
produce  motion.  Nay,  it  may  safely  be  affirmed,  that  they  are  mutually 
proportional ;  that  a  rapid  transformation  of  muscular^fibre,  or,  as  it  may 
be  called,  a  rapid  change  of  matter,  determines  a  greater  amount  of  mecham* 
cal  force ;  and  conversely,  that  a  greater  amount  of  mechanical  motion  (of 
mechanical  force  expended  in  motion)  determines  a  more  rapid  change  of 
matter  *'  (pp.  220-1). 

And  again : — 

'*  The  amount  of  azotised  food  necessary  to  restore  the  equilibrium  between 
waste  and  supply  is  directly  proportional  to  the  amount  of  tissues  metamor* 
phosed.'' 

''  The  amount  of  living  matter,  which  in  the  body  loses  the  condition  of 
life,  is,  in  equal  temperatures,  directly  proportional  to  the  mechanical  efiects 
produced  in  a  given  time.*' 

''  The  amount  of  tissue  metamorphosed  in  a  given  time  may  be  measured 
by  the  quantity  of  nitrogen  in  the  urine." 

"  The  sum  of  the  mechanical  effects  produced  in  two  individuals,  in  the 
same  temperature,  is  proportional  to  the  amount  of  nitrogen  in  their  urine ; 
whether  the  mechanical  force  has  been  employed  in  voluntary  or  involun- 
tary motions,  whether  it  has  been  consumed  by  the  limbs,  or  by  the  heart 
and  other  viscera  "  (p.  245). 

Such,  in  fact,  were  the  views  in  regard  to  the  special 
exigencies  of  the  system  in  the  exercise  of  force  which  became 
at  once  identified  with  Liebig's  name,  and  continued  to  be  so 
identified  for  many  years.  Thus,  Professor  Frankland,  in  his 
lecture  at  the  Eoyal  Institution  in  1866,*  on  the  experiments  of 
Fick  and  Wislicenus,'  refers  to  these  views  of  Liebig  as  having, 
up  to  that  time,  been  pretty  generally  adopted  by  text-book 
writers. 

'  Jaum.  7?.  Tn4f.,  1866. 

»  rhU.  Mag.,  1866,  4th    erieH,  vol.  xxxi.  pp.  486-503. 
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The  results  of  our  own  feeding  experiments,  which  were 
commenced  some  years  after  the  appearance  of  Liebig's  work, 
being  apparently  inconsistent  with  the  then  current  views  on 
some  important  points,  we  were  led  at  once  to  turn  attention 
bo  the  subject  of  human  dietaries ;  and  also  to  a  consideration 
of  the  management  of  the  animal  body  undergoing  somewhat 
excessive  labour,  as,  for  instance,  the  hunting-horse,  the  racer, 
bhe  cabhorse,  the  foxhound,  and  also  pugilists  and  runners. 
The  conclusions  to  which  we  were  led  by  this  study  were  briefly 
summarised  in  a  paper  published  in  the  Report  of  the  British 
Association  for  the  Advancement  of  Science  for  1 852,  as  follows : — 

''....  that  in  the.  caflee,  at  least  of  ordinary  exercise  of  force,  the  ezigenciea 
of  the  respiratory  system  keep  pace  more  nearly  with  the  demand  for 
nitrogenous  constituents  of  food  tnan  is  usually  supposed ; " 

And  further : — 

<'  A  somewhat  concentrated  supply  of  nitrogen  does,  however,  in  some 
^ases,  seem  to  be  required  when  the  system  is  overtaxed ;  as,  for  instance, 
9?hen  day  by  day  more  labour  is  demanded  of  the  animal  body  than  it  is 
competent  without  deterioration  to  keep  up;  and  perhaps  also,  in  the 
buman  body,  when  under  excitement  or  excessive  mental  exercise.  It  must 
be  remembered,  however,  that  it  is  in  butcher^s  meat,  to  which  is  attributed 
such  high  flesh-forming  capacity,  that  we  have  also,  in  the  fat  which  it 
contains,  a  large  proportion  of  respiratory  material  of  the  most  concentrated 
kind.  It  is  found  too,  that  of  the  dry  substance  of  the  egg^  40  per  cent,  is 
pure  fat." 

"  A  consideration  of  the  habits  of  those  of  the  labouring  classes  who  are 
under-  rather  than  over- fed,  will  show  that  they  first  have  recourse  to  fat 
meat,  such  as  pork,  rather  than  to  those  which  are  leaner  and  more  nitro- 
genous; thus  perhaps  indicating,  that  the  first  instinctive  call  is  for  an 
mcrease  of  the  respiratory  constituents  of  food.  It  cannot  be  doubted, 
however,  that  the  higher  classes  do  consume  a  larger  proportion  of  the  leaner 
meats ;  though  it  is  probable,  as  we  have  said,  that  even  with  these  as  well 
as  pork,  more/ctf,  possessing  a  higher  respiratoir  capacity  than  any  other 
constituent  of  food,  is  taken  into  the  system  than  is  generally  imagined. 
Fat  and  butter,  indeed,  may  be  said  to  have  about  twice  and  a  half  the 
respiratory  capacity  of  starch,  sugar,  &c.  It  should  be  remembered;  too, 
that  the  classes  which  consume  most  of  the  leaner  meats,  are  also  those  which 
consume  the  most  butter,  sugar,  and  in  many  cases,  alcoholic  drinks  also." 

'^  It  is  further  worthy  of  remark^  that  wherever  labour  is  expended  in  the 
manufacture  of  staple  articles  of  food,  it  has  generally  for  iX%  object  the 
concentration  of  the  noTt-nitrogenous,  or  more  peculiarly  respiratory  con- 
stituents. Sugar,  butter,  and  alcoholic  drinks  are  notable  instances  of  this. 
Cheese,  which  at  first  sight  might  appear  an  exception,  is  in  reality  not  so ; 
for  those  cheeses  which  bring  the  highest  price  are  always  those  which 
contain  the  most  butter ;  whilst  butter  itself  is  always  dearer  than  cheese." 

''  In  conclusion,  it  must  by  no  means  be  understood  that  we  would  in  any 
way  depreciate  the  value  of  even  a  somewhat  liberal  amount  of  nitrogen  in 
food.  We  believe,  however,  that  on  the  current  views  too  high  a  relative 
importance  is  attached  to  it ;  and  that  it  would  conduce  to  further  progress 
in  this  most  important  field  of  inquiry  if  the  prevailing  opinions  on  the 
subject  were  somewhat  modified.'' 

g2 
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It  is  to  be  borne  in  mind,  that  at  the  time  these  opiziionB 
were  put  forward,  now  more  than  forty  years  ago,  the  views 
expressed  were  directly  contrary  to  all  recognised  anthority  on 
the  subject ;  and  that  it  is  since  that  date  that  so  much  evidsnce 
has  been  accumulated,  as  to  the  amounts  of  urea,  and  of  carbonic 
acid,  given  off  under  varied  conditions  as  to  food  and  exercise. 
Still,  from  the  facts  already  at  command,  it  was  concluded  that 
the  increased  demand  for  food  resulting  from  the  exercise  of 
muscular  power  was  specially  characterised  by  the  requirement 
for  an  enhanced  amount  of  the  non-nitrogenous  constituents. 

Confirmatory  evidence  was,  however,  not  long  wanting. 
Thus,  in  1854,  we  selected  two  pigs  as  nearly  as  possible  of 
equal  weight  and  character ;  to  one  was  given,  ad  libitumy  lentil- 
meal  (containing  about  4  per  cent,  of  nitrogen),  and  to  the 
other,  also  ad  libitum,  barley-meal  (containing  less  than  2  per 
cent.).  Each  animal  was  kept  in  a  frame,  with  arrangements 
for  collecting  the  faeces  and  urine  separately,  as  already  described. 
After  they  had  been  kept  for  a  certain  time  on  their  respective 
foods,  one  comparative  experiment  was  conducted  for  three  days, 
and  later  on  another  for  ten  days.  The  weights  of  the  animals 
were  taken  at  the  beginning  and  at  the  end  of  each  experiment ; 
and,  besides  other  particulars,  the  amounts  of  nitrogen  con- 
sumed in  the  food,  and  of  urea  voided,  were  determined.  The 
results  are  summarised  in  the  following  table  : — 

Table'  XI. — Eoi^eriments  at  Bothamsted  loith  Figs, 

June-Augvst  1854. 

Quantities  per  head  per  day. 


Periods 

Foods 

Nitrogen  in 
food 

1 

Urea  voided    |  Urea = nitrogen 

Daye 
3 
3 

10 
10 

No.  1,  Lentil*meal 
No»  2,  Barley-meal 

No.  1,  Lentil-meal 
No.  2,  Barley-meal 

Grams 

1230 

68-9 

120-6 
61-2 

Grams 

134-0 

61-5 

1410 
62-1 

Grams 
62-6 
28-7 

66-8 
24-3 

The  result  was,  then,  that  with  exactly  equal  conditions  as 
to  exercise,  both  animals  being  in  fact  at  rest,  the  amount  of 
urea  passed  by  the  one  feeding  on  the  highly  nitrogenous  lentil- 
meal  was,  in  each  case,  more  than  twice  as  great  as  that  voided 
by  the  one  fed  on  the  barley-meal,  supplying  less  than  half  the 
amount  of  nitrogen. 

It  was  clear,  therefore,  that  the  rule  laid  down  by  Liebig, 
and  so  long  generally  adopted  by  others,  did  not  hold  good, 
namely,  that — '^  The  sum  of  the  mechanical  effects  produced  in 
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two  individuals  in  the  same  temperature  is  proportional  to  the 
amount  of  nitrogen  in  their  urine;  whether  the  mechanical 
force  has  been  employed  in  voluntary  or  involuntary  motions, 
whether  it  has  been  consumed  by  the  limbs  or  by  the  heart 
and  other  viscera" — unless,  indeed,  as  has  been  assumed  by 
some  experimenters,  that  there  is,  with  an  increase  of  nitrogenous 
substance  in  the  food,  an  increased  amount  of  mechanical  force 
employed  in  the  **  involuntary  motions  "  sufficient  to  account  for 
the  increased  amount  of  urea  voided. 

It  was  at  any  rate  obvious  that,  if  the  amount  of  urea 
voided  by  one  animal  at  rest  could  be  more  than  twice  as 
great  as  that  voided  by  a  similar  animal  also  at  rest,  and 
under  otherwise  equal  conditions,  provided  only  that  the  food  of 
the  one  contained  more  than  twice  as  much  nitrogen  as  that  of 
the  other,  the  amount  of  urea  passed  could  not  be  any  measure 
of  the  amount  of  muscular  power  exerted. 

The  subject  was  taken  up  again  at  Rothamsted  in  1862, 
and  accordant  results  were  obtained  as  follows : — 

Table  XII. — Experiments  at  Rothamsted  with  Pigs. 

Augmtt-September  1862. 

Quantities  per  head  per  day. 


Period 

Foods 

Nitrogen  in 
food 

Urea  voided 

Ureas  nitrogen 

Days 
10 
10 

5 
6 

No.  1.  Barley  and  bran 
No.  2.  Beans  and  bran 

No.  1.  Barley  and  bran 
No.  2.  Beans  and  bran 

grams 
41-6 
660 

46*2 
82-6 

grams 
43-6 
89-6 

52*8 
116-6 

grams 
20-4 
41*8 

24-4 
64-4 

Not  long  after  the  publication  of  our  views  in  1852,  and  the 
experiments  with  pigs  in  1854,  with  the  results  of  which  he  was 
acquainted,  the  late  Dr.  Edward  Smith  instituted  experiments 
to  determine  the  amounts  of  carbonic  acid  exhaled  in  respira- 
tion under  various  conditions  as  to  muscular  exercise.  His 
results  were  published  in  a  paper  presented  to  the  Royal 
Society  on  December  16,  1858.^  He  records  the  quantities 
of  carbonic  acid  exhaled  in  grains  per  minute,  and  these 
we  have  calculated  into  grams  per  hour,   and  so  give  them 

below  : —  carbonic  acid, 

grams  per  hour. 

During  light  sleep 19*2 

Lying  down,  scarcely  awake 23*0 

Sittinip  quietly 8d*l 

Walking  two  miles  per  hour 70*4 

Walkinff  three  miles  per  hour 100*4 

On  treadwheel,  ascenohig  28*65  ft.  per  minute   .        .  189*2 

>  PhU,  Tram.  1869,  toI  czliz.  pp.  681-743! 
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There  was,  therefore,  very  greatly  increased  exhalation  of 
carbonic  acid  with  increased  muscular  exercise. 

Dr.  E.  Smith  also  conducted  experiments  on  the  amounts  of 
urea  eliminated  under  different  conditions,  both  as  to  food  and 
exercise.  The  investigation  was  commenced  in  January  1860, 
and  continued  up  to  March  1862,  a  period  of  two  years  and  two 
months.  These  results  were  also  published  in  a  paper  in  the 
Philosophical  Transactions  of  the  Royal  Society.^  The  general 
result  was,  that  there  was  great  variation  in  the  amount  of  urea 
passed  when  there  was  concurrent  variation  in  the  amount  of 
nitrogenous  substance  in  the  food ;  but,  on  the  other  hand, 
comparatively  little  variation  in  the  amount  of  urea  voided, 
with  great  variation  in  the  amount  of  labour  performed. 

Thus,  then.  Dr.  Smith's  results,  both  those  showing  the 
amounts  of  carbonic  acid  exhaled,  and  those  relating  to  the 
amounts  of  urea  voided,  fully  confirmed  the  view  that  with 
muscular  exertion  there  was  marked  increase  in  the  demand 
for  the  non-nitrogenous,  and  but  little  if  any  in  that  for  the 
nitrogenous,  constituents  of  food. 

Experiments  made  by  Bischoff  and  Voit  in  1858  and 
1859^  with  a  dog,  either  submitted  to  hunger,  or  fed  from 
time  to  time  on  foods  containing  very  different  amounts  of 
nitrogenous  substance,  showed  very  variable  amounts  of  urea 
voided,  although  the  animal  was  kept  under  equal  conditions  as 
to  exercise.  Still,  on  the  publication  of  their  results  in  1860, 
the  authors  assumed,  that  although  there  had  been  no  greater 
exercise  of  force  manifested  in  the  form  of  external  work,  yet 
when  the  amount  of  nitrogenous  substance  in  the  food  was 
greater,  and  the  amount  of  urea  voided  correspondingly 
greater,  there  must  have  been  a  corresponding  increase  in 
the  force  exercised  in  the  conduct  of  the  actions  within  the  body, 
in  connexion  with  the  disposition  of  the  increased  amount  of 
nitrogenous  substance  consumed ;  so  that,  afler  all,  the 
amount  of  urea  eliminated  was  a  measure  of  the  exercise 
of  force,  though  not  in  the  voluntary  exercise  of  muscular 
power. 

One  of  us  being  in  Germany  in  the  summer  of  1 860,  and  visit- 
ing Munich,  had  some  conversation  with  Professor  Voit  on  the 
subject  of  their  results  and  conclusions.  Referring  to  our  own 
results  obtained  in  1854  with  pigs,  it  was  pointed  out  that  they 
were  entirely  consistent  with  those  which  he  and  Professor 
Bischoff  had  obtained  with  a  dog,  but  that  we  had  drawn  very 


>  Phil  Trans.,  1861,  vol.  cli.  pp.  747-834. 
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different  conclusions  from  them.  He  conveyed  the  impression, 
however,  that  he  considered  we  were  entirely  in  error. 

Later  in  the  same  year,  however,  Yoit  published^  the 
results  of  further  experiments  with  a  dog.  In  these,  he  sub- 
mitted the  animal  to  alternate  rest  and  labour,  sometimes 
fasting,  sometimes  with  a  moderate,  and  sometimes  with  a 
liberal  supply  of  nitrogenous  substance  in  food.  The  labour 
consisted  of  working  in  a  kind  of  treadwheel.  He  found  that 
the  amount  of  urea  eliminated  was  not  in  proportion  to  the  ex- 
ercise of  force,  but  was  very  nearly  proportional  to  the  amount 
of  nitrogenous  substance  consumed.  He  considered  that  by 
such  a  result  the  views  which  he  and  others  had  maintained  as 
to  the  connexion  between  the  exercise  of  force,  the  degradation 
of  nitrogenous  substance  within  the  body,  and  the  elimination 
of  urea,  were  completely  overturned. 

In  1862  Pettenkofer  and  Voit  published  a  paper  *  giving  the 
results  of  experiments  made  with  a  dog  in  1861  and  1862,  in 
which  the  food  consumed,  the  amount  of  urea  voided,  and  the 
quantity  of  carbonic  acid  given  off  by  the  lungs  and  skin,  were 
determined ;  the  latter  in  Pettenkofer*s  respiration  apparatus. 
These  experiments  were  more  or  less  preliminary,  and  during 
their  conduct  the  animal  was  not  submitted  to  any  labour. 

Subsequently,  Pettenkofer  and  Voit  made  experiments  in 
which  they  determined  both  the  nitrogen  in  the  urine,  and  the 
carbonic  acid  evolved,  not  only  in  rest  but  in  work ;  sometimes 
fasting,  and  sometimes  with  food.  Their  results  were  published 
in  1866,  in  the  Zeitschrift  fur  Biologie,  The  following  table 
gives  average  results  for  twenty-four  hours,  in  experiments 
made  with  a  man,  with  the  aid  of  Pettenkofer's  respiration 
apparatus : — 

Table  XIII. 


Nitrogen  in  Urine 

Carbonio  aoid 

exhaled 

IN  HUNGER. 

In  rest 

Id  work 

grama 
12*39 

12-26 

1 

gramt 

716 

1,187 

WITH  MODERATE   DIET. 

Tn  rest     

In  work 

1701 
17-33 

928 
1,209 

*   Untersuohungen    Uher   den    Mf\flnst  des   Kochsaltety  Kaffees  vnd  dvr 
Muxkelbewegungen  auf  den  Stoffrveohsel,  1860. 

^  Ann.  Chem,  Phartn,,  II.  Supplement* BM)d,  I.  Heft,  p.  62. 
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Thus,  not  only  was  there  no  increased  transformation  of 
nitrogenous  sabstance  by  the  exercise  of  force,  but  there  was  a 
very  greatly  increased  exhalation  of  carbonic  acid.  It  is  evi- 
dent, therefore,  that  in  the  exercise  of  force,  the  exigency  of 
the  system  is  specially  characterised  by  an  increased  demand  in 
the  food  for,  so  to  speak,  respiratory  material.  The  results  of 
Pettenkofer  and  Yoit  are  indeed  of  great  importance ;  but  in 
Germany  they  are  even  looked  upon  as  being  the  first  to  establish 
the  correct  view  on  the  subject. 

Abundant  further  confirmation  of  the  now  generally  accepted 
view  is  available,  and  it  will  be  of  interest  to  give  some  illustra- 
tions. 

In  1866  results  were  published  ^  as  to  the  amount  of  nitrogen 
excreted  before,  during,  and  after,  ascending  the  Faulhom,  by 
Professors  Fick  and  Wislicenus,  in  August  1865.  The  experi- 
menters took  an  ordinary  meal  at  midday  on  the  29th,  but  then 
only  starch,  fat,  and  sugar,  until  after  the  ascent,  which  com- 
menced early  the  next  morning.  The  following  is  a  summary  of 
the  results  so  far  as  they  relate  to  the  point  under  consideration :— 

Table  XIV. 


Total 
nitrogen 


Nitrogmex- 
cxtted  per 

hoor 
(arcTBgc) 


FICK. 


grams 

grams 

grams 

grams 

Night  before  ascent 

12-4820 

6-8249 

6-9163 

0-6S 

DtLring  ascent .... 

70330 

3-2681 

33130 

0-41 

After  ascent    .... 

6-1718 

2-4161 

2-4293 

0-40 

Night  after  ascent  . 

— 

4-8167 

0-46 

WISLICENUS. 


grams 

grams 

grams 

grams 

Night  before  ascent 

11-7614 

6-4887 

6-6841 

0*61 

During  ascent .... 

6-6973 

3-1264 

3-1336 

0-39 

After  ascent    .... 

61020 

2-3809 

2-4166 

0-40 

Night  after  ascent  . 

— 

6-3462 

0-51 

The  record  of  the  actual  quantities  is  sufficient  to  show  that 
much  less  nitrogen  was  excreted  by  both  experimenters  during, 
and  after,  than  before  the  ascent.  But  the  calculated  amounts 
of  nitrogen  excreted  per  hour  during  each  of  the  periods,  as 
given  in  the  last  column  of  the  table,  bring  the  main  results 
more  clearly  to  view.     It  is  seen  that,  on  the  average,  only 


>  Phil.  Mag.,  1866,  4th  Series,  vol.  zzzi.  pp.  48^-603. 
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about  two-thirds  as  much  nitrogen  was  excreted  per  hour  during 
and  after  the  ascent,  as  prior  to  it,  when  there  would  be  more 
or  less  residue  in  the  system  from  the  last  albuminous  meal. 

The  above  results  of  Fick  and  Wislicenus  were  brought  for- 
ward by  Professor  Frankland,  in  a  lecture  which  he  gave  at  the 
Royal  Institution  in  1866 — On  the  Source  of  Muscular  Power. 
He  subsequently  himself  made  numerous  calorimetrical  deter- 
minations of  the  energy  evolved  by  the  combustion  of  muscle, 
urea,  and  various  foods,  or  constituents  of  foods,  the  results  of 
which  were  published  in  a  paper — On  the  Origin  of  Muscular 
Power. ^  Stated  in  a  few  words,  his  main  conclusion  was,  that 
the  transformation  of  muscular  tissue  alone  cannot  account  for 
more  than  a  small  fraction  of  the  muscular  power  developed  by 
animals. 

Dr.  Oskar  Kellner,  who  was  one  of  Professor  Emil  von 
Wolff's  associates  in  numerous  investigations  with  animals  at 
Hohenheim,  made  experiments  there  with  a  horse'  from  June 
15  to  August  10,  1878.  The  daily  food  of  the  animal  consisted 
of  5  kilog.  meadow-hay,  6  kilog.  oats,  and  1'5  kilog.  wheat- 
straw-chaff.  The  horse  was  made  to  go  different  distances,  and 
to  draw  different  weights,  the  draught  being  measured  by  a 
horse-dynamometer. 

The  following  is  a  summary  of  some  of  the  conditions  and 
results  of  the  experiments : — 

Table  XV. 


Experiments 

days 

1 

G 

2 

10 

3 

14 

4 

12 

5 

14 

Lire- weight 


kilog. 
5341 
529-5 
622-5 
508-8 
618-0 


Per  day 


Work  done,  kilo- 
gram-metres 

kg.-m. 
475,000 
950,000 
1,425,000 
950,000 
476,000 


Urine  voided 


ex. 
6,730 
6,473 
8,106 
8,686 
9,648 


Nitrogen  in 
urine 


grams 
990 
109-8 
116-8 
110-2 
98-3 


In  reference  to  these  results,  which  certainly  do  show  an 
increased  excretion  of  nitrogen  with  increased  work  during  the 
second,  third,  and  fourth  periods,  as  compared  with  the  first  and 
fifth,  Kellner  considers  that  they  are  inconsistent  with  the  con- 
clusions of  Pettenkofer  and  Voit,  and  others,  which  connect 
muscular  action  more  exclusively  with  the  oxidation  of  non- 
nitrogenous  matters,  and  that  those  views  require  to  be  modified. 


>  Pkil  Mag.y  1866,  4th  Series,  vol.  xxxii.  pp.  182-199. 
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At  the  same  time,  admitting  that  the  transfonnation  of  organic 
substance  is  to  be  considered  the  source  of  muscular  power,  he 
considers  that,  in  the  first  line  comes  the  oxidation  of  non- 
nitrogenous  matters,  carbohydrates  and  fat ;  in  the  second,  the 
transformation  of  circalation-albumin ;  and  lastly,  that  of  the 
organised  albumin,  which  is  only  attacked  if  other  matters  are 
not  available  in  sufficient  quantity.  Further,  he  considers  it  is 
evident  that  the  increased  albumin  transformation  was  not  suffi- 
cient to  cover  the  requirements  of  the  increased  work,  and  that 
this  increased  transformation,  and  the  loss  of  body-weight,  show 
the  insufficiency  of  the  food,  and  of  the  available  fat  of  the  body. 

The  table,  in  fact,  does  show  that,  with  increased  work 
done,  there  was  decline  in  body-weight;  and,  assuming  with 
Kellner,  that  there  was  a  deficiency  of  food  and  of  body  fikt, 
it  seems  probable  that  the  increased  elimination  of  nitrogen 
in  the  urine  is  the  necessary  coincident  of  real  dilapidation  of 
the  system.  It  is  obvious  that,  so  far  as  this  is  the  case,  the 
results  are  not  discordant  with  our  own  early  view  on  the 
subject,  since  fully  established  by  others.  These  results  of 
Kellner's  are,  indeed,  a  confirmation  of  the  view  we  pat 
forward  in  1852,  that  ^'A  somewhat  concentrated  supply  of 
nitrogen  does,  however,  in  some  cases,  seem  to  be  required  when 
the  system  is  overtaxed ;  as  for  instance  when,  day  by  day,  more 
labour  is  demanded  of  the  animal  body  than  it  is  competent 
without  deterioration  to  keep  up." 

In  1885  Grandeau  and  Leclerc  published  the  results  of  an 
experiment  with  a  horse  ^  of  which  the  following  is  a 
summary :— 

Nitrogen  in  urine  for  100  in  food 

Best 62*4  per  cent. 

Walking 677       ., 

Trotting 64-9       „ 

Drawimrl^*""^    ....    609       „ 
^^*^°^\  Trotting    ....    59-2       „ 

The  results  show,  over  the  first  three  experiments,  some,  bat 
not  great,  variation  in  the  amount  of  nitrogen  eliminated  with 
exercise;  but  the  amounts  are  less  in  the  fourth  and  fifth 
experiments,  and  almost  identical  with  walking  and  trotting. 
Upon  the  whole,  there  is  no  evidence  of  direct  connexion 
between  the  amount  of  exercise  of  force  and  that  of  nitrogen 
eliminated  in  the  urine. 

The  next  results  give  very  definite  evidence  as  to  the 
connexion  between  the  amount  of  carbonic  acid  exhaled,  and 
that  of  the  force  exercised.     The  experiments  were  made  with 

*  Aimales  de  la  Science  Agronomiqtic,  1885,  2"*  ann6e,  tome  i.  p.  826. 
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a  horse,  by  Zantz  and  Lehmann,  in  1887  and  1888,^  and  the 
average  results  were  as  follows : — 

Carbonic  acid  exhnled  per  hour  (average). 

With  Mask  With  Tracheal  OanuU 

Rest       .                .    3-327  cubic  feet.  2-861  cubic  feet. 

Work     .                 .  19-643    „        „  17-291     „       „ 

After  work     .        .     4  662    „        ..  3*899    ,, 


Thus,  then,  there  were  about  six  times  as  much  carbonic 
acid  exhaled  per  hour  during  work  as  in  rest ;  and  when  the 
work  had  ceased,  there  was  very  great  reduction  in  the  amount 
of  carbonic  acid  given  off. 

The  following  results  by  Professor  F.  Smith,  of  Aldershot,  were 
published  by  him  in  the  Journal  of  Physiology ^'^  in  1890  : — 

Table  XVI. 

1 

Garbonic  aold  (CO,)  expired  per  hour 


Pony  (work,        Horse  (work, 
trotting)       I       fpalloping) 


Rest 
Work    . 
After  work 


cnbio  feet 
0-7648 
2-3954 
0-4631 


cnbio  feet 

20-6265 
1-3133 


Hone  (work, 
galloping) 

cubic  feet 

12-4353 
11693 


As  in  the  experiments  of  Zuntz  and  Lehmann,  quoted  above, 
the  great  increase  in  the  amount  of  carbonic  acid  exhaled  during 
work,  and  the  great  reduction  in  the  amount  after  the  cessation 
of  the  work,  are  here  again  clearly  illustrated. 

The  next  table  summarises  numerous  results,  by  Professor 
F.  Smith,  with  horses  at  different  paces  (loc,  cit.y  p.  77) : — 

Table  XVII. 


Rest     . 

Walking 

Trotting 

Cantering 

Galloping 


Carbonic  acid  (00.)  expired  per  hour 


Series  A 


cubic  feet 
1-0282 
10972 
2-9482 
4-9169 

14-9725 


Series  B 


cubic  feet 
1-2346 
1-0686 
4-8309 
60080 


These  strictly  gradationary  results,  with  one  slight  exception, 
illustrate  more  clearly  still  the  greater  exhalation  of  carbonic 
acid  the  greater  the  exercise  of  force. 


*  Landw,  Jahrhiicher  toL  z?iii.  1889  ,p.  1. 
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Turning  from  the  foregoing  evidence  of  direct  experiment, 
indicating  the  characteristic  food  requirements  for  the  ezerciBe 
of  force,  it  will  be  of  interest  to  give  a  few  examples  of  the 
rations  adopted  as  the  joint  result  of  direct  experiment  and  large 
experience. 

On  p.  94  the  results  of  some  experiments  by  Grandeau  and 
Leclerc  with  a  horse  were  given,  showing  no  direct  connexion 
between  the  amount  of  force  exercised  and  that  of  nitrogen 
eliminated  in  the  urine.  Their  experiments  were  made  at  the 
establishment  of  the  Petiies  Voitures  Company  in  Paris;  and 
the  following  table  gives  the  standard  daily  ration  of  the  horses 
at  the  time,  the  experimentally  determined  maintenance  ration, 
and  that  finally  adopted  for  work : — 

Table  XVIII.      . 


Ration 

Beans 

1 
Oats 

Maize 

Maize 
cake 

Hay 

Straw 

1 

Total  food 

Total  dry 
snb^aDce 

PrevioEs  . 

Maintenance,  No.  1 . 
Maintenance,  No.  2 . 

For  work 

lb. 
1-64 

0-93 
0-84 

1-39 

lb. 
7-23 

4-34 
3-91 

6-61 

lb. 
6-34 

3-20 
2-88 

4-81 

lb. 
1-06 

0-63 
0-67 

0-96 

lb. 
3-84 

2-30 
207 

3-46 

lb. 
2-09 

1-24 
1-12  i 

1-87 

lb. 
21-10 

12-64 
11-39 

18-99 

lb. 
18-U 

10-87 
9-79 

16-33 

It  seems  that  the  system  of  the  establishment  was  to  work 
the  horses  on  alternate  days ;  and  to  give  less  hay,  straw,  and 
maize,  bnt  more  oats  and  beans,  though  less  totsJ  food,  on  the 
days  of  work.  The  figures  in  the  top  line,  representing  the 
^^  Previous  "  ration,  are,  in  each  case,  the  means  of  the  two  days' 
ration.  The  ^'  Maintenance  Ration,  No.  1, "  was  fixed  at  three- 
fifths  of  the  "  Previous  "  ration ;  but,  as  the  animals  gained  in 
weight,  the  '*  Maintenance  Ration,  No.  2,"  which  was  one-tenth 
less  than  No.  1,  was  subsequently  adopted.  Even  then  the 
horses  rather  gained  in  weight.  Finally,  as  it  was  considered 
that  the  standard  or  ''  Previous  "  ration  was  too  high,  the  ration 
for  work,  as  given  in  the  bottom  line  of  the  table,  which  is  one- 
and-a-half  time  as  much  as  the  '*  Maintenance  Ration,  No.  1," 
and  about  one-tenth  less  than  the  ^^  Previous "  ration,  was 
adopted.  It  is,  however,  said  that  under  the  new  rigime  the 
horses  were  somewhat  underfed,  but  whether  the  reduced  ration 
is  still  maintained  we  are  not  aware.  It  will  be  observed  that 
the  proportion  of  the  highly  nitrogenous  leguminous  com  (beans), 
was  very  small  compared  with  that  of  the  gramineous  grains. 
Still,  it  will  be  seen  presently  that  the  proportion  was  very  con- 
siderably higher  than  in  the  case  of  the  omnibus  horses  of  Paris. 
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The  following  table  gives  the  average  daily  ration  of  the 
horses  of  the  General  Omnibus  Company  of  Paris  for  each  of 
the  six  years— 1879,  1880,  1884,  1885,  1886,  and  1887.  The 
average  number  of  horses  was  about  13,000,  and  their  average 
weight  was  from  1,200  to  1,240  lb.,  whilst,  so  far  as  the  evidence 
goes,  those  of  the  Petites  Voitv/res  Company  weighed  little  more 
than  two-thirds  as  much ;  and  certaiiUy  the  former  are  much 
heavier  than,  as  a  rule,  are  the  omnibus  or  tramway  horses  of  our 
own  country.  The  figures  are  calculated  from  the  results  given 
in  the  annual  reports  of  M.  E.  Lavalard,*  the  general  secretary  of 
the  company,  the  quantities  being  converted  from  kilograms 
into  their  equivalent  in  English  pounds : — 

Table  XIX. 


Year 


Beans 


1879 
1880 

1884 
1885 
1886 
1887 


lb. 
1-36 
1-41 
1-44 
0-89 
010 
001 


Oats 

lb. 
1004 
8-84 
8-67 
6-21 
5-51 
808 


Maize 

lb. 

6-86 

8-26 

863 

11-30 

12-96 

10-77 


Hay 

lb. 
914 
7-80 
8-44 
8-50 
8-64 
8-66 


Straw 
lb. 

Bran 

Total 
food 

lb. 

lb. 

10-46 

37-84 

11-10 

._- 

37-40 

8-71 

0-91 

36-70 

8-36 

0-84 

36-10 

7-32 

0-54 

3607 

8-21 

36-72 

Total  dry 
substance 


lb. 
32-17 
31*83 
31-29 
30-84 
80-03 
30-52 


It  will  be  seen  that  the  actual  amount  of  dry  substance 
supplied  per  head  per  day  is  nearly  twice  as  much  as  in  the  case 
of  the  Petites  Voitures  horses ;  that  is,  much  more  in  proportion  to 
a  given  live-weight.  It  will  be  further  seen  that  the  proportion 
of  beans  to  cereal  grains  is  much  less  than  in  the  case  of  the 
Petites  Voitures  horses,  and  was  reduced  to  a  very  small  quantity 
in  the  later  years.  In  fisu^t,  the  com  given  consisted  almost 
exclusively  of  oats  and  maize,  that  of  the  oats  being  reduced,  but 
that  of  the  maize  in  a  greater  degree  increased,  in  the  later  years, 
coincidently  with  the  reduction  in  the  amount  of  beans.  On  the 
occasion  of  a  visit  of  one  of  us  to  M.  Lavalard  in  1887,  it  was 
suggested  to  him  that  the  supply  of  the  highly  nitrogenous 
leguminous  seeds  might  be  mainly,  if  not  exclusively,  reserved 
for  old  or  overworked  horses  ;  and  he  subsequently  informed  us 
that  he  had  found  their  use  in  such  cases  advantageous. 

In  his  annual  report  for  1886,  published  in  1887,  M. 
Lavalard  gives,  on  the  authority  oip  Dr.  Fleming,  Principal 
Veterinary  Surgeon  of  the  Army,  a  list  of  the  average  daily  rations 
of  horses  of  tramway  companies  in  the  United  Elngdom,  which 
are  quoted  in  Table  XX.    (p,  98)  from  Dr.  Fleming's  book.* 

'  ItapporU  sur  les  opiratwns  du  service  de  la  Caralerie  et  des  Fourraoes. 
•^  The  Practical  Horfe-Kceper,  by  G.  Fleming,  LL.D.,  p.  88. 
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We  have  also  calculated  the  quantity  of  dry  sabstance  in  the 
total  food  according  to  the  supposed  average  composition  of  each. 
There  can  be  little  doubt  that  the  average  weight  of  tramway 
horses  in  the  United  Kingdom  is  much  less  than  that  of  the 
omnibus  horses  of  Paris,  and  it  will  be  seen  that  the  quantity  of 
total  food,  or  total  dry  matter  of  food,  given  per  head  per  day,  is 
also  considerably  less ;  though  it  is  much  greater  than  in  the  case 
of  the  smaller  Petites  Voitures  horses  of  Paris. 

Tablb  XX. 


Company 


North  Metropolitan 
London    . 
London  Street 
South  London 


Birmingham 
Liverpool 

Manchester 
Glasgow  . 
Edinburgh 
Dablin 


Beans 

or 
peas 

lb. 
2 
3 
1 
1 

4     ! 

4     i 


Oats 


lb. 
3 
3 
3 

7 

10 


16 
6 
8 
3 


Halze  ,    Hay  ,  Straw 


lb. 
13 

7 
12 

7 

6 

12 

^x 

11 

4 
14 


lb. 

7 
12 
11 
11 


Bran 


lb. 


Total      I  Total  diy 
food       :  sabstance 


lb. 

3 

I 
—  1 


12 


14 

15 

14 
12 


—     i     1 


lb. 
28 
26 
28 
29 

32 
31 

30 
27 
32 
29^ 


lb. 
24-09 
22-20 
24-09 
24-76 

27-30 
26-58 

25-55 

23-24 

(25-66) 

26-41 


*  Also  2  lb.  of  "  Marshlam  "—(Mashlun— Mixed  com  ?). 

The  details  show  that,  at  any  rate  at  that  date,  the  tramway 
horses  in  the  United  Kingdom  received  much  more  of  the  highly 
nitrogenous  leguminous  corn,  beans  or  peas,  than  the  Paris 
horses ;  and,  according  to  the  figures,  this  was  especially  the  case 
in  Birmingham,  Liverpool,  and  Edinburgh.  Oats  and  maize 
nevertheless  contributed  most  of  the  com ;  the  maize  generally 
predominating,  whilst  at  the  present  time  it  will  doubtless  do 
so  in  a  greater  degree. 

Reviewing  the  whole  of  the  results  which  have  been  adduced 
illustrating  the  characteristic  food  requirements  for  the  exercise 
of  force,  it  may  iu  the  first  place  be  observed  that  the  evidence 
is  cumulative  and  decisive  that,  with  normal  feeding,  and  with 
only  moderate  exercise,  there  is  practically  no  increased  demand 
for  the  nitrogenous  constituents  of  food ;  whilst  there  is,  on  the 
other  hand,  an  increased  demand  for  the  more  specially  respiratory 
constituents,  largely  in  proportion  to  the  amount  offeree  exercised. 
If,  however,  the  labour  is  abnormally  heavy,  that  is,  if  it  be  pushed 
to  the  point  of  dilapidation,  as  indicated  by  loss  of  weight,  there 
will,  in  that  case,  be  an  increased  elimination  of  nitrogen  in  the 
urine,  resulting  from  the  degradation  of  nitrogenous  substance, 
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and  accordingly  an  increased  demand  for  the  nitrogenons  con- 
stituents of  food. 

Lastly,  it  is  of  interest  to  observe,  that  where  the  subject 
has  been  the  most  carefully  investigated,  the  rations  adopted  for 
horses  include  scarcely  any  of  the  more  highly  nitrogenous 
foods,  such  as  leguminous  seeds ;  but,  in  addition  to  hay  and 
straw-chaff,  consist  almost  exclusively  of  the  comparatively  low- 
in-nitrogen  cereal  grains,  and  would,  therefore,  be  characterised 
by  containing  a  comparatively  large  amount  of  digestible  non- 
nitrogenous  constituents  in  proportion  to  the  digestible  nitro- 
genous substance  of  the  food.  It  has,  however,  been  found 
that  in  the  case  of  old  or  overworked  animals,  it  is  advantageous 
to  supply  a  somewhat  larger  amount  of  the  highly  nitrogenous 
leguminous  seeds.  In  fact,  as  we  put  it  in  1852 — "  a  somewhat 
concentrated  supply  of  nitrogen  does,  however,  in  some  cases, 
seem  to  be  required  when  the  system  is  overtaxed ;  bs  for 
instance,  when  day  by  day,  more  labour  is  demanded  of  the  animal 
body  than  it  is  competent  without  deterioration  to  keep  up." 

Summary  on  the  Feeding  of  Animals. 

In  introducing  the  subject  of  the  feeding  of  the  animals  of 
the  farm,  attention  was  first  called  to  the  amount  of  the  con- 
stituents of  the  crops  grown  in  an  ordinary  four-course  rotation, 
which  would,  if  the  grain  only  were  at  once  sold,  be  retained 
upon  the  farm  for  further  use — in  fact,  for  the  production  of 
meat,  milk,  and  manure,  and  for  the  exercise  of  force.  There 
will,  as  a  rule,  be  a  greater  or  less  amount  of  grass  in  admixture 
with  the  arable  land  of  the  farm ;  and,  according  to  its  amount 
and  other  circumstances,  there  will,  of  course,  be  more  or  less 
stock-food  available  in  addition  to  that  produced  on  the  arable 
land.  So  far  as  manure  is  concerned,  in  some  cases  the  grass- 
land, and  in  others  the  arable,  will  be  the  gainer  by  the  admix- 
ture of  the  two,  accordingly  as  the  one  or  the  other  receives 
back  more  or  less  than  the  amount  derived  from  the  consumption 
of  its  own  produce.  Then,  again,  the  influence  of  the  growing 
modem  practice  of  selling  more  than  the  grain,  and  of  import- 
ing cattle  food  and  manure  from  external  sources,  has  to  be 
taken  into  account.  Nevertheless,  the  illustration  derived  from 
a  consideration  of  the  proportion  of  the  constituents  of  the  crops 
grown  under  a  particular  system  of  rotation,  which  will  probably  be 
available  for  feeding  purposes,  is  not  without  interest  and  utility. 

The  facts  and  arguments  which  have  been  adduced  may  be 
very  briefly  summarised  as  follows.  It  has  been  shown,  that  the 
amount  of  food  consumed,  both  for  a  given  live-weight  of 
animal  within  a  given  time,  and  for  the  production  of  a  given 
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amount  of  increase,  is,  as  our  current  food-stuffs  go,  measurable 
more  by  the  amounts  they  contain  of  digestible  and  available 
non-nitrogenous  constituents,  than  by  the  amounts  of  the 
digestible  and  available  nitrogenous  constituents  they  supply. 

That  this  should  be  the  case,  so  far  as  the  consumption  for  a 
given  live-weight  within  a  given  time  is  concerned,  seems  con- 
sistent enough  when  the  prominence  of  the  respiratory  function 
in  the  maintenance  of  the  body,  and  the  large  requirement  for 
non-nitrogenous  constituents  of  food  to  meet  the  expenditure  by 
respiration,  are  borne  in  mind.  But,  at  first  sight,  it  seems  less 
intelligible  that  the  quantities  consumed  to  produce  a  given 
amount  of  increase  in  live-weight,  should  also  be  much  more 
dependent  on  the  supplies  of  the  non-nitrogenous,  than  on  those 
of  the  nitrogenous  constituents  of  food. 

It  has  been  shown,  however,  that  store  animals  may  contain 
as  much,  or  even  more,  of  the  non-nitrogenous  substance — fat,  than 
of  nitrogenous  substance ;  whilst  the  bodies  of  fattened  animals 
may  contain  two,  three,  four,  or  more  times  as  much  dry  fat  as 
dry  nitrogenous  matter.  Obviously,  therefore,  the  proportion  of 
fat  to  nitrogenous  substance  in  the  increase  in  live-weight  of  the 
fattening  animal,  must  be  much  higher  than  in  the  entire  bodies 
of  the  animals. 

Then,  it  has  been  further  shown,  that  the  non-nitrogenous  sub- 
stance of  the  increase — the  fat,  is  at  any  rate  in  great  part,  if  not 
entirely,  derived  from  the  non-nitrogenous  constituents  of  the  food. 

Of  the  nitrogenmis  compounds  of  food,  on  the  other  hand, 
only  a  small  proportion  of  the  whole  consumed  is  finally  stored 
up  in  the  increcwe  of  the  animal.  In  other  words,  a  very  large 
amount  of  nitrogen  passes  through  the  body  beyond  that  which 
is  finally  retained  in  the  increase,  and  so  remains  for  manure. 

It  is,  therefore,  only  what  should  be  expected,  that  the  amount 
of  food  consumed  to  produce  a  given  amount  of  increase  in 
live-weight,  as  well  as  that  required  for  the  sustenance  of  a  given 
live-weight  for  a  given  time,  should,  provided  the  food  be  not 
abnormally  deficient  in  nitrogenous  substance,  be  characteristi- 
cally dependent  on  its  supplies  of  digestible  and  available  non- 
nitrogenous  constituents. 

Again,  it  has  been  shown  that,  in  the  exercise  of  force,  there 
is  a  greatly  increased  expenditure  of  the  non-nitrogenous  con- 
stituents of  food,  but  little,  if  any,  of  the  nitrogenous. 

Thus,  then,  for  maintenance,  for  increase,  and  for  the  exerdse 
of  force,  the  exigencies  of  the  system  are  characterised  more  by 
the  demand  for  the  digestible  non- nitrogenous  or  more  specially 
respiratory  and  fat-forming  constituents,  than  by  that  for  the 
nitrogenous  or  more  specially  flesh-forming  ones. 
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In  our  paper — On  the  Composition  of  Oxen^  Slieep^  and  Pigs^ 
and  of  their  hurease  whilst  Fattening — published  in  this  Journal 
in  1860,  we  concluded  that — if  fattening  oxen  were  liberally  fed 
upon  good  food,  composed  of  a  moderate  proportion  of  cake  or 
corn,  some  hay  or  straw  chaff,  with  roots  or  other   succulent 
food  ;  if  sheep  were  fattened  under  somewhat  similar  conditions, 
but  with  a  less  proportion  of  hay  or  straw ;  and  if  pigs  were 
liberally  fed  chiefly  on  cereal  grain — the  increase  would,  with  as 
much  as  5  or  6  parts  of  total  non-nitrogenous  to  1  of  nitrogenous 
compounds  in  the  dry  substance  of  such  fattening  food,  probably 
be  very  fat.     Further,  that  in  the  earlier  stages  of  growth  and 
feeding,  a  lower  proportion  of  total  non-nitrogenous  constituents, 
that  is,  a  higher  proportion  of  the  nitrogenous  compounds,  is 
desirable ;  indeed,  that   it  is   frequently   the   most  profitable, 
having  regard  both  to  the  rapidity  of  fattening,  and  to  the  value  of 
the  manure,  for  the  farmer  to  employ,  even  up  to  the  end  of  the 
feeding  process,  a  somewhat  higher  proportion  of  nitrogenous 
constituents  in  his  stock-foods,  than  is  necessary  to  yield  the 
maximum  proportion  of  increase  in  live- weight  for  a  given  amount  of 
dry  substance^f  food  consumed.  But  that,  when  the  mixed  fatten- 
ing food  contains  less  than  about  5  parts  of  non-nitrogenous  to  1  of 
nitrogenous  compounds,  the  proportion  of  increase  in  live-weight 
for  a  given  amount  of  dry  substance  of  the  food,  will  not  increase 
with  the  increased  proportion  of  nitrogenous  compounds  consumed ; 
whilst,  so  far  as  these  are  in  excess,  the  proportion  of  carcass  in 
the  live- weight  will  probably  be  somewhat  less,  and  the  carcasses 
themselves  will  be  somewhat  more  bony  and  fleshy,  and  less  fat. 

We  at  the  same  time  pointed  out,  however,  that  the  compara- 
tive values  of  food-stuffs,  even  OjS  such^  could  not  be  unconditionally 
determined  by  the  percentage  of  the  total  nitrogenous  and  the 
total  non-nitrogenous  constituents ;  that  it  was  necessary — to 
examine  more  closely  into  the  nature  and  condition  of  the  proxi- 
mate compounds  of  food-stuffs  ;  to  distinguish  those  which  are 
digestible  and  assimilable  from  those  which  are  not  so ;  to  deter- 
mine the  relative  values  of  the  comparable  or  mutually  replace- 
able portions  ;  and,  finally,  to  fix  our  standards  of  comparative 
value  with  more  of  reference  to  direct  experimental  evidence  on 
the  point,  and  to  existing  knowledge  of  the  composition  of  the 
animal  bodies,  than  had  hitherto  been  usual  or  even  possible. 

Since  then,  an  immense  amount  of  labour  has  been  expended 
in  the  determination  of  the  digestibility  of  the  individual  consti- 
tuents of  various  food-stuffs;  and  the  results  so  far  obtained 
form  a  valuable  contribution  to  our  information  on  the  subject. 
There  is,  however,  wide  variation  in  the  composition  of  different 
samples  of  nominally  the  same  description  of  food.     Then,  the 
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limits,  an  excess  ot  tooa,  it  a  maximum  result  is  to  De  o 
for  a  given  live-weight  of  animal  within  a  given  time  ; 
the  case  of  animals  liberally  fed  for  the  exercise  of  fore 
will  also  generally  be  an  excess  of  food  given.  It  is  obvio 
under  the  conditions  of  actual  practice  here  assumed, 
proportions  of  the  various  constituents  consumed  will 
undigested  than  would  be  indicated  by  the  figures  repre 
indigestibility  obtained  under  the  usual  conditions  of 
menting  on  the  point  above  referred  to.  Then  there  is 
portant  consideration,  that  conclusive  evidence  is  still  ^ 
as  to  the  exact  role  in  the  system  of  some  prominent  cods 
of  food-stuffs.  For  example,  there  is  yet  much  uncert 
regard  to  the  position  of  the  various  amides,  which  € 
largely  into  the  composition  of  feeding  roots  and  hays — i 
all  succulent  and  unripened  products.  Indeed,  in  the  cal< 
of  "nutritive  ratios,"  the  amides  have  sometimes  beenclaa 
the  albuminoids,  and  sometimes  in  large  proportion  with  1 
nitrogenous  constituents.  We  have,  from  time  to  time, 
results  of  our  numerous  feeding  experiments,  with  both  sli 
pigs,  calculated  according  to  the  published  tables  of  digee 
But  the  so-calculated  "ratios"  varied  so  considerably  tori 
rations  within  the  range  of  good  practice,  that  it  would 
leading  to  attempt  to  give  anything  like  a  summary  of  the 
and  general  conclusions  therefrom,  without  full  cQscussic 
In  conclusion,  as  our  current  fattening  food-stuffs  go, 
ing,  of  course,  that  they  are  not  abnormally  low  in  the  ii 
ous  constituents,  they  are,  cu^  foods^  more  valuable  in  pix 
to  their  richness  in  digestible  and  available  non-nitrogeiu 
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